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Sir JOSEPH BANKS, Bart, 

Jtr»« xv« d» 






Gratitude and rcfpeft arc 
due from every individual in fbciety, to 
him who promotes its real intereft, by 
extending the bounds of knowledge. AH 

Europe is acquainted with the exertions you 
have made for its advancement: permit me 
to join the voice of nations^ by exprefflng 
the ienfe I entertain of them. With this 
intention, I take the liberty of dedicating th^ 
foll6win<j!: Treatifc to the President of that 
refpcclable Body of r.ff 'V, ' ' 'sot-n f-i^.'> 
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true Philofbphy hafd its origin, and to whom 
it owes a great p^rt of itsamprpvements, 

I ani, with much refpeft. 

Sir, 
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ypm: moft pbcdient 
humble Servint, 
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PREFACE. 



The advaqtages derived from the fcience of Natu- . 
ral Pbilofophy, are fo great and (b pniverialiy ac- ^ 
knowkdged^ that an enumeration of theoi would be 
unneceiTaryiif it did not ferveto enfiven and dinsA 
that fpirit of inquiry which is natui;al to youthfi]! 
oiinds; and to awaken thofe who from a wanted 
reilefHon are not inclined to look into the Caufps of; 
things. We .are apt to regard objedts^ tq ^hich we 
have long been faooiiliarizedj with languor. and indif* 
ference ; and we now behold effects without even the 
emotion of. Cyrio.fity> which iif le(s entight^ned age3 
would have been thought miracuk)us. . . 

Man in a rudf^ and.fayage ftate^ with a precarious 
fubfiftence, expofed to th<;/ii2clemencies,of the fea* 
lbns> ^nd the fury of wild bcaAsj is an pbjcft of 
pity when compared to man ^jenlightened and aflifted 
by Philofophy. Ignorant of architecture^ of agri* 
cukurcj of commerce; and of all the numerous arts 
which depend upon the mechanic powers i he exifts 
^ in the deiart, comforttefs and unfocial) litde fuperior 
in enjoyment to the lion or the tyger» but niuch 
their inferior in ftrengtb and fafety* If it be true^ 
that man ever exiiled in this ftatCj it could not havf 
lafted Ipng ^ the excruon of his mental Ilrength muft 

A ^ have 
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have given rife to the arts. Aided by thefc, the 
wildernefs becomes a gard^ embeUifhed with tem- 
ples, palaces, and popiilous cifics'; and he beholds 
himfelf removed to an immenfe diftance from the 
animals, to which4& hit original ignorance he ieem*' 
cd nearly allied. 

The fcienccs beftov/ that leifure and independence 
wftich hkveeriitbled fli^rior itiinds toforffi-la^^ 
to eifabltfti the^rlghfe'^Hlafikind by mutual compaA 
bfc4!\*een the pwv<«if til and the Weak. By this liifQn 
ie i4 that inget^DOs^ zttA fpe^sulal«v^-il1en^h*ve e(^ 
UiSled n^tflfes^pf ktfoiiHedge, whiclfiiidlite-iw tb w^- 
gard the foffeni of the! btiman mmd ti^iiih aftotiifb- 
xlftcnt, HttitcP^W p©^s the. aimimbte fciefibe of 
ikftrorioftty. ' A-fcfehce fe)und«c} onttee mod acan- 
rate and biig coiilihued dbftfVaC40fis,^and!ryftem1i€d' 
by the ^lirefl: nYalkni^ic^'^Hiaibnlrtg; 4&^t at the^ 
fame time fo remot^ &offii'vblga1f^»p^mtieh(ioni that' 
its daily and im^fafit* ufe^ andrpi^ddiSionls ar^r 
Kifl^dlf- fiiflifeieM to prcvefi^ it^btrng' regi^rdtd by 
rifePigfiemhtasa^clHte^i-*!-' ' 

'tbeothfef ddpaiJtrilt«t^#Na«ural Philifophy. are 
Mt icfs' i^^pktif t^ltA^-^wft*^^ Hcrv^gr^ ^oufcj 
have befen- the fiibj[)rlfe 6f the ancientib couW^they 
have forfekn6\Vi> th(i cffedfe which are produced by 
the rcfle<5iaofy aftdt refradfi^^ of light ! By a- fkilfbl 
maiiagdn^hciof'thefe^poperties, telefcopes amd va- 
rious^ optical' in^rum^ms are conftrudted: o^edt^- 
too remme to be perceived by the naked eye are 
^nlar^ed and rendered vifibk: the iktellltes of 
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|upkcr and Sftturfb the mountains iand cavities in 
tbC; moQiH ^dd the cbanges which take place in the 
fun's difc^ are thus difcoveredj and afford matter for 
admiration and inquiry. 

^ Neither is this delightful fcicnce of optics confined 
to the contemplation of diflanc objects. Minute 
aoimalS) the veilels of plants, and, in Ihort, a new 
afvorld in miniature, is difclofed to our view. by the 
microicopc, and an inexhauftiMe fund of rational 
entertainment and knowledge is brought within the 
iphere of our fenfcs. 

Every one is acquainted with the benefits derived 
from the fcicnce of Hydroftatics, \o which we are 
indebted for many ufcful inventions. Among thefe 
are wind and water mills,, pumps, fire engines, fteam 
engines^ &c. &c. 

■ Chcmiftry is produftive of great and lingular ad- 
vantages to fociety. Metallurgy in its utmoft ex- 
.lentj tte arts of making glafs and pottery, of dying, 
and many others, together with a very confiderablc 
part of the Materia Medica, arc dependant on this 
branch of Philofophy. The vaft importance of 
Metallurgy maybe rendered obvious from- the finglc 
confidecation of the many ufes ca which' iron is 
applied. Without this metal we IhouW be almoft 
totally incapable of making any utenfii or inftru- 
ment. It is difficult to recoiled any produftion of 
art in the formation of which iron is noc made ufe 
qfj aiid the very exiftencc of naval commerce de«< 
{>ends on tt$ magnetical property. 

A3 Philofophy 






X SitBlrACC. 

Philofophy IS -flot therefore a dry fludy« btit a 
purfuit of the higheft utility and entertainment 
Thofc who cultivate thefcicnces know that thejr 
naturally produce a fincere and difmtercftcd love of 
truth. An enlarged view of things deftroys the cf- 
k&s of prejudice, infpires the propereft ideas of the 
great original caufe, and promotes a deteftation of 
every thing that is ihean or bale. And if there be t 
pleafure in attending to obje6ts which BU the mind 
by their immenfity, and delight the imagination by 
the continual difco very of new and fublime analogies, 
it is not to be wondered that Philofophers purfue 
their ftudies with a degree of attention and ar^or, 
which is not found in any other fet of men. 

The order of arrangement m the prefcnt work, 
is fuch as was fuggcfted by the fubjcfts themfelves. 
After a curfory enumeration of the general properties 
of matter, motion is principally attended to, being 
that afFeftion of matter by which all changes arc 
brought about. Mechanics and aftrononiy naturally 
follow, arid are fuccccded by an elucidation of the 
properties and motion of light. The more complex 
motions of fluids, and the atmofpheric phenomena 
^re next confidcrcd, Thys far it will be obfcrved, 
that the work treats of fuch general efFefts as arife 
from the motions of bodies, without any particular 
' refpecftto thofe fpecific properties which diftinguifh 
them into various clafles. The remaining part of 
-the treatife is employed upon thcfe fpecific proper* 
tie$ : a long fediqn upon chemiftry is given for the 

purpofc 
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3>t)rpofe of eit{Jaining them as ^ a$ they are at 
pitfent known^ and are capable of being underftood 
by mere reading. Magnetifm and eledlricity oc* 
cupy the concluding (edions. Upon the whol^ 
therefore^ it will be feen that the moft fcientiBc and 
bed eftablilhed parts of Natural Philoibphy are firft 
treated o^ and are followed in fucceflion by others 
which are lefs underftood. 

This treatife being intended to gire a dear ac^ 
count of the prefentftate of Natural Philofophy, to 
fuch as poflefs very little mathematical knowledge i 
care has been taken to feledt fuch fads and experi-^ 
ments as tend to eftabliih elementary truths^ Tht 
varieties of experiments of the fame kind are not 
therefore numerous; but it is hoped that the ad van- 
tage of a greater number of general principles, is by 
that tneans obtained^ Philofophical Inftruments 
fikewifcj are not minutely defcribcd. References to 
the parts of drawings are not often read or under-* 
ftood: for which reafon it was thought better to 
explain their general conftruftion, and leave the 
mintitias to ocular infpcftion. The grand objeft 
throughout has been to relieve the memory, and 
affift the underftanding, by concifenefs and illuftra-* 
tive arrangement. 

Thofc prolix difquifitions, which render the com* 
mentator lefs intelligible than the author commerttcd 
upon, are thus avoided; neither has the afFeftation 
of faniiliarity, which is ufually attended with a ]aX| 
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and unpbilofiiphieal esiptertatton of ofie e%6ot faf 
aoothet equally bbictir^»MKen iodulged. Oathf 
conti^ary, the author has £vei^< where CDdeavouted Jto 
ptekrve that folidity nf argumeoCi aod precifion of 
exprrfiion, vfditch diftinguifti the .Work$ jof tb< befl: 
Pbilofophers. And^ notwithftailding the nature of 
the undertaking unavoickbly required a deviatioo 
from thofe elegant and general principles which are 
obtained by ftrift .matheinatical reafoning ; yet it is 
prefutDod that the fludent will find nothing in thk 
treatife, which, he will be under the neeeffity of 
unlearning, when he attempts the perufdl of thofe 
books to which this is oHeued as an introduction. 

The attentive examination of other books, to 
which the writer of this performance has had recouriet 
has (hewn him, that even die wbtks of thole great 
men, who deferve and poflefs the highefl reputation^ 
ace not free from errors of importance. The f>refent 
occafion does not require the diiagreeable taik of 
pointing them out ; but this ver^ cohfideration will 
not permit him to hope that bis diligence has en« 
tirely excluded miftakes. However he has little :to 
fear on that account, being fenCble that thofe who 
are the beft able to difcover them, will 4t the feme 
time be the readied to exercife that candor which 
every writer has need of. 

The liberty which has been ^ken in akeriog tb^ 
words of other authors, and adapting them (o the 
jpuipofe Cf this work, woiild have prey^tedthc ufe 
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of fogma ' quot^dons if they had been (iippafcd 
fiecdSiry ; and as (he prefeot Jnteodon is not at aU 
hiftorica], the names of authors have been avoided sa 
much J6 was confiftent with, the mi(h of the writer^ 
to evade th^ fufpicion of plagiarifm. If plagiarifm 
can be inapii{ird to the author of an eptome of 
icience, this acknowledgement muft be allowed to 
obviate the charge. / 

In the printing> every thing which could be ima- 
gir)ed of fervice to the book, as a manual of phtlo- 
(ophy, has been done, A varying title at the head of 
each page, and copious indexes, are annexed. From 
thcfc the reader will fee that fcarccly any fadt of im- 
portiance has been omitted. 

The learner who may jje induced to fix his che- 
mical readirtg in his memory by recurring to ex- 
periment, which may be done with very little ex- 
pence, is cautioned to beware of the danger with 
which it is fometimes attended. The folution, eva- 
poration, and calcination of uninflammable matters, 
may be performed in the common apartments of a 
d welling- houfc; but the diftillation of corrofive or 
inflammable fubftances ought not to be attempted 
but. in a place prepared for the purpofe. The burfl:- 
ing of a retort containing any concentrated fuming 
acid, muft: be very deftruftivc to furniture, as well 
as prejudicial to healthy and ardent fpirits, refins, 
and the like, would endanger the houfe if a fimllar 
accident were to happen. It is impoflTiblc to give 
3 advice 
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advice againd the many cafualties €0 which che« 
mical experiments are liable. One genera] maxim 
isy alvtrays to endeavour from analogy to forefee the 
confequence, or probable refuk» of the intended 
procefs, and when that cannot be done, to obferve 
the phenomcnaj and proceed with cautioiu 
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ADVERTISEMENT 



TO THE 



SECOND EDITION. 



The improvements in this fecond edition 
are very coniiderable ; as well in conlc- 
quence of the rapid progrcfs of the difcove- 
rics made by Philqfophers in all parts of the 
civilized world, as of the careful revifion tht 
whole work has undergone. The additions ^ 
are equivalent to a third volume, though by 
an alteration of the type, and page, this 
edition has been prevented from exceeding 
the former in bulk or price. Many, ad* 
ditional figures have been inferted in the. 
plates, and thofe numbered vii. and viii. arc 
entirely new. Marginal references are like- 
wife annexed, which it is hoped will be 
ibund eminently ufeful. In thefe the figures 
denote the pages,^ and the letters the para- 
graphs of the pages, w^here the. proofs or 

iUuf^ 
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illiifirations referred to are to be found: and 
in the iecond Tolnme the numeral letter i 
h prefixed whenerer the firft Yoliime is 
referred to. 

LoodoD, 
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ADVERTISEMENT 

TO 

THIS FIFTH EDITION. 

From the preflure of bufinefs^ and repeatedT 
attacks of illnefs, the Author has found it im* 
polSble to finifh the prefent edition without 
affiftance. In confequence^ the whole of the 
fe Aion on chenuftry has been rewritten by Mr* 
Accunij whoie abilities as a chemift are well 
known; and that on eledricity has been re* 
yiCcd, and the feAion on galvanifm added> by 
Mr. T. Churchill. All thefe, however, as wcH 
as the reft of the work, have pafled under the 
author's infpedion. 

Three more planets having been added to ouf 
fyftem fince the aftronomlcal part was printed 
off, it becomes neceifary to fubjoin here all 
that is yet known of their elements. 

The planet Ceres, or Piazzi, was difcovered 
by Mr. Piazzi of Palermo, on the ift of January 
1 80 1 • Its mean diftance from the fun is about 
SZy millions of geographical miles : the period 
of its revolution four years, Icven months> and 
ten days : its mean longitude, Jan. i, 1804, lo*. 
II* S$f : %nnual motion, a*. 18* 14: aphclium, 

Vot.L A? 10!. 
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10*. 2^ 44 : node, 2*. ai^ 6' : equation of orbit^ 
9** 3' • eccentricity, d:<:>fg\ iricUhation^ ^^.3?'^ 

The planet Pallas, or Olbers, dircovcred by 
Dr. Olbers of Brenien, on the 28th of March 
1802, is nearly the fame diflance from the fun ; 
the period of its revolution is 4 years, 7 months, 
1 1 'days : its mean longitude, Jan. i , i B04, g% 
29® S3' : annual motion, 2'. j8^ 1 1' J apheliam, 
10* • i*^ 7' : nod?, 5*. iz^ 28' : equation of orbit, 
28^ ZS': eccentricity, o\ 2 463: inclinatid^, 34* 
39'' greateft apparent diametdr, 4'' -635. 

The planet Juno, difbovcred by Mr. Harding 
of Lilienthal, is about three time? as dtftant 
from the fun as the earfh, its mean diftanc* 
being upyv^ards of 245 niillions of geographical 
miles. The pef iod df its revolution is 5 yeirs 
and a half: its right afcenfion on the 5th of 
Sept. was i'^52': its declination north, ll'i 
its eccentricity, ^ quarter 0^ its radius : its in* 
clination, 21^ Its apparent magnitude feertis 
nearly the fame as that of Ceres 6X Pallas. 
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O^ THE DEGREES OR KINDS OF KNOWLEDGE; AUtf 
tH£ RULES OF PHIL0S0PHl2lK0. 

X HE impre£(ions made on the organs of fenfe bj 
external objeds produce ideas in the mind. We are 
continually employed m amaflirig a ftock of general 
truths refpefting them, which is called knowledge. 

An intelligent being, whofe powers are limited^ 
mud of neceflity be unequal to the performance of 
many things* If any aflertion be made refpe6ting 
t,wo or more ideas, it will imply either trudi or 
falichood ; but the cafes in which we can with cer« 
tainty difcover the one or the other are very few^ 
tn comparifon with thofe that are placed beyond 
our power of inveftiga^ion. Yet, as a decidon is 
almofl: always required for the regulation of our cpn- 
|| duft in the affairs of life, the greater part of our 

knowledge becomes founded on probability, inftead 
of eftablidiing truth. The means of ' acquiring 
knowledge may therefore be faid to be of three 

VoL.L B kinds; 
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kinds. Certainties are obtained either by ihtuitiofi 
or deoionftracions probabilities are obtained by ana- 
logy. 

There are fome ideas, whofe mutual relation in 
certain refpefts is fo evident, that nothing more is 
required to obtain the knowledge of it, than to apply 
them to each other. For example ; if a giv)!n body 
be divkled into parts, and the mutual relation be**- 
tween the whole body and one of its parts, with re- 
ipe£t to magnitude^ be demanded, the mind imme- 
diately conceives, with the cleared and mod abfblute 
Certainty, that the whole body is greater than its 
part. If the particular body or magnitude in con- 
templation be abftraded, or left out, the propofidon 
becomes general in this form, viz. every magnitude 
is greater than any part of the fame. This kind of 
knowledge is called intuitive, and the general pro-^ 

' pofitions are termed Axioms.. 

. » 

When it is required to determine the mutual re- 
lation of two ideas, whofc agreement or difagree- 
meiit cannot be intuitively perceived, the truth may 
often be obtained by the interpofition of a chain of 
axioms. This method of exhibiting the truch is 
termed demonftration, and feems to be applicable by 
us only to our ideas of the quantities and pofitions of 
magnitudes. For this reafon, it will be difficult to 
give an example without having recourfe to the ma- 
thematics. The following will, however, be eafily 
underftood. 

Fig. I. Let the two circles in the figure be fup- 
jMofed equals and the circumference of each to pafs 

' jthrough. 
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dirough the center of the other. Imagine the cen-» 
ters to be joined by the right line a b, and the lines 
c ill c Bi to be drawn from one of the points where 
the circumferences intcrfe£t each other^ to the cen- 
ters refpedively. Then, I fay^ the lines a b, bc^ 
c A> will be equal each to each. 
" The demonftration of this truth is as fbUows : 

The word circle fignifies a plain figure, contained 
tinder one line, called the circumference, to which ^ 
a]l right lines drawn to a certain point within the 
figure, called the center, are equal. As foon there* 
fore as it is undcrftood that the figure a c d is a 
circle^ and that the lines a b, c b, are right lines 
drawii from its center to its circumference, it is ac-» 
^nowledged intuitively^ and without further argu- 
ment, that thofe lines are equal. 
: The fame reafon in the circle bc^ evinces, that 
the lines a b, a c, are equal. 

The lines A c, c b, being thus proved to be each 
equal to the line a b, are likewife equal to each 
othen For it is an intuitive truth or axiom, that 
things equal to one and the fame thing are equal 
to each othen 

The want of axioms, ahd the labour of demon<> 
ftration, are not the only impediments to the acquis 
fidon of knowledge. Knowledge is conirerfant with 
ideas only: it can therefore be faid to poflcfs reality 
with refpe£t to external objeds, 6> far only as thoie 
ideas may be taken or fubftituted for the things they 
reprefcnt 5 but it is impoffible to determine how far 
this may be done with firi£l propriety. In referring 

2 * from 
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from ideas to things we at% liable to error, not onty 
becaufe the compound idea of a being confifts o£ 
an aflemblage of its properties, which may be in^ 
eompkte and inadequate, but likewife becaufe thofe 
ideas may even be quite different from any thing 
exifting in the being itfelf, as may be inftanced in 
the ideas of colour, found, p4n, &c. The grfeat 
perfpicuity and certainty of mathematical know- 
ledge arifes. from the fimpiicity bf the notions or 
ideas employed, and their not depending on any 
external being: for, as this fcience treats only of 
ideas, it is of no confequeoce to its truths, whether 
the perfeft figures of geometry ever had an exiftencei 
it being fuffident that their exigence is poilible. 

The greater number of our ideas being too com- 
plex and imperfe<5t to admit of intuidve conclufions 
or axioms, it is evident, that in general we muft be 
contented with lefs proof than demonftration. Iri<- 
ftead, therefore, of endeavouring to obtain axioms by 
comparing ideas, we obferve events, and from the 
contemplation of what has happened, we form a 
prefumption of what will again come to pafs. Ob- 
fervation, has (hewn us, that a certain event k 
always followed by another determinate event j we 
ftipppfe a relation to fubfift between them; wc 
imagine this relation to be neceflaryj we diftinguifh 
the prior event by the name of Caufe, and the latter 
we call the EfFeft. This kind of knowledge, which 
is not founded on reafoning, but on experience 
alone, m^ be termed Analogical, and is much lefi 
perfect than what is obtained by intuition or de« 

monftration* 
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mohftration. That a flotit will defcend to the earth, 
is an analogical propofmon. It cannot be demon«- 
ftrated : but, from the confideradon of a vaft num* 
ber of events of the (ame nature, a degree of pro- 
bability arifes, which commands our aflent* It is 
clear, that analogical propofitions are no more than 
ftrong probabilities^ from the remarkable circum- 
ftance, that their converfe does not imply an abiiir* 
dity. To deny an intuitive or demonftrative truth, 
is to afTert an impofllbility ; but to deny an anal(^« 
cal truth, is only to aifert an improbability. The un« 
derftanding revolts at the affirmation, that a part is 
greater than the whole body; but we fee no impol^ 
. fibility in the aflertion, that a ftone, at fome time 
or place, has remained in the air without a tendency 
to defcend ; this fuppofition being highly improba* 
ble, but nothing more. In fad, demonftration is a 
collection of truths or axioms ; analogy is a collec- 
tion of probabilities. Simple probabilities are to 
analogy what ai^ioms are to demonftration. Now, 
there is nQComparifon in point of certainty between 
axioms; all being equally true; but probabilities 
differ exceedingly in their degree of credibility. 

Natqral Fhilofophy^ ftridly fpeaking, admits of 
no other proofs than thofe of analogy. To give 
fiability to this, fcience, it is neceflary to admit no 
probabilities, as firft principles of analogy^ but thofe 
which pofTefs the ftrongeft and moft inconimrertible 
refemblance fb truth. For this pDroolc, the foU 
lowing. rules are adopted: • , ^ '. , 

B 2 ,J^' Rules 
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^ Rules of Fhilofophizing* 

L 

^o more caqfes of natural things ought to bq 
admitted than are real, and fufiicient to explain tbq 
phenomena. 

ir. 

: And therefore eScfts of the iame kind arc 
referred to the fame caufes. 

« 

III. 
Thofc qualities, whofe virtue can neither be in-, 
creafed nor diminiOied, and which are found in all 
bodies with which experiments can be made, ough^ 
to be admitted as (Qualities of all bodies in general^ 
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Of Matter in the Abftra6l, ' 



CHAP. I. 



OF MATTER A^D ITS PROFERTIBS. 

Matter is known to us only by its properties. A 
The properties common to all matter arc cxten- R 
fion, impenetrability inertia or refiflance, attnu5tion> 
motion^ and reft ; all which^ except the two laftt 
which cannot e^ift together^ are found in all bodies 
whatfoever. 

It would be> perh^psi ^ fruid^fs attempt^ to en^ 
quire whether thefe are the only qualities with which 
bodies are epdged in common. Matter may poflefs 
many others, that oyr fenfes are not adapted to. ob- 
ferve, qr which have even efcaped the po.ticc of 
philofophers. But it is neccflary to obferve, that c 
we are totally ignorant of Khe fubftance in which 
thefe propcflics are united. The effence of matter 
is unknown to us. We muft not, therefore, aflume 
one or more of thefe properties .as compofing that 

9 j^ . eiTencc 
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cflcncc itfelfj for moft of the errors of the earlier 
philofophers have arifen from this fource, 

© There are other properties, fometimes called fpe- 
cific^ that are not found in all bodies ; fuch as tranf^ 
parency, opacity, fluidity, confiftence, and the like* 
But thefe fecm to relate to the figures or motions of 
the parts of bodies, and are, therefore, referable ta 
the general properties. There arc alfo feveral fpc-» 
cies of attra&ion and repulfion, which ^ill be at** 
tended to in their proper places. 

Here follow definitions of the general propcitie$ 
above mentioned. 

1 , Extenfion, is that affeftion of niatter by which i^ 
occupies part of fpace. 

f . Impenetrability,' is that by which two bodies ean- 
' not exift ii\ the fame place at the fame time. 

O Inertia, is that by which a body refifts any force 
impelling it to a change of (late, with regard tQ 
motion or reft. 

U Attraftiop, is that by which one body continually 
tend^ to .approach to, and, if not by external means 
prevented, does' approach to, another body or 
bodies. 

I Motion, is a continual and fucceflive, change of 
place. Reft, is the permanency or remaining of ^ 
t^ody in the fame place. 
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CHAP. II. 

OF EXTBMSIOK ANP IMPENETRABILITV. 

The idea of excenfion is fo fimple^ that it k 
cannoc be defined. For though in the preceding 
Chapter it was pointed out as that affedion bf 
which matter occupies part of fpaccj yet there can 
be little doubt but that the idea of extenfion is 
itfelf antecedent to that of fpace, and therefore not 
properly definable by it. In order to facilitate the 
confideration of fuch truths as relate to extended 
magnitudes J geoaieters have» as it were» analyzed 
exteniion. It is evident that extenfion implies form l 
or figure, and figure mull be limited. The limit or . 
termination of figure is called a furface, or fuper- 
ficies. A fuperficie)^ is likewife limited, and its 
termination is called a line. And the termination 
of a line is called sL point. Now, though it is clear^ m 
that a fuperficies, a line, or a point, cannot exifl; 
feparate or apart from an extended being, yet, it 
is certain that the ideas of them may be confi* 
dered diftinfkly, without immediately referring to the 
other confequences arifing from the general idea of 
extenfion. In this fenfe mathematicians define a nr 
point to be, that which has no part, or is altoge- 
ther indivifible i a line to be that which is length, 
without breadth, or is divifible in one refpeft, 
namely, of length $ a furface to be that which has 
0nly length and breadth, or is divifible in two re- 

^e^^ ii9Piely> of length and breadth ^ andafolid 

to 
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to be that which has length, breadth, and thick- , 
nefs, or is divilible in three refpedts, nameljr, of 
length, breadth, anid thicknefs. 

No finite or imaginable divifion of a line can 
ever produce a point or indivifible part. A line is 
therefore divifible into an infinite number of other 
lines, or fimilar parts, and confequently much more 
is a fuperficies, and yet more a folid. A mathematical 
foHd, that is to fay, pure extenfion, is divifible to in- 
finity : and if the elements of matter be of^hc lame 
nature as the aggregates they compofe, matter is 
Kkewife infinitely divifible. A variety of remarks- 
able confequences follow from thefe plain deduc-» 
tibns ; of which we (hall proceed to mention a few 
inftances both theoretical and praftical. Thus, 

Any quantity of matter, how fmall foever, ai)d 
afny finite fpace^ how great foever, being given 
fas for example, a cube ctrcumfcribed about the 
orb of Saturn) it is pofTible for the fmall quantity . 
of matter to be difilifed throughout all that fpace* 
and to fHl it, fo that there ihall be no pore or 
interftice in it, whofe diameter Ihall exceed a given 
finite line. 

To prove this, fuppofe the cube to be divided 
into fn^all cubes, whofe fides fliall each be equal to 
half the given line. It will be cafily fcen, that .the 
number of fmall cubes will not be infinite. Ima- 
gine the quantity of matter to be riien divided into 
a number of parts equal to that of the fmall cubes, 
and a particle to be placed in the center of each 
cube. The whole ipace will thus be filled, and 

. tho 
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the greateft diftance between two adjacent parades^ 
or, in other words, the diameter of any pore or 
interlHce^ will be lefs than the given line. 
. Hence there may be given a body, whole mat- 
ter, if it could be reduced or comprefled into a 
ipace abfolutely full, that fpace may be any giyeo 
part of its former magnitude. 

Again; there may be two bodies of equal bulk, 4t^ 
and their quantities of matter may be unequal in any 
proportion; yet the fum of their pores, or quan- 
tity of void fpace in each of the two bodies,, ihall be 
nearly in the proportion of equality to each other. 

This is not fo obvious as the former inftancc, 
but an example will render it clear. 

Suppofe one thoufand cubic inches of gold to 
contain one cu^ic inch of matter, or, in other 
words, when reduced into a fpace abfolutely full, 
to be equal to one cubic . inch : then one thoufand 
cubic inches of * water will contain one nineteenth 
part of an inch of matter when reduced. Conle- 
quently, the void fpaces in the gold will be nine 
hundred and ninety- nine cubic inches, and thofe in 
the water nine hundred and ninety- nine cubic 
inches, and eighteen nineteenth parts of an inch ; 
that is, they will be nearly in the ratio of equality. 

Yet, the adual divifibility of matter can proba- R 
bly be carried but to a certain degree. The uiti* 
mate particles of bodies, it is mod likely, are not 
to be altered by any force in nature. But there 
are neverthelefs, many inftances which ihew to 

f Gold is nineteen times as heavy as water. 

what 
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what klconceivablj minute parts bodies mzy be 
adualljr divided. 

s A grain of leaf*gold will cover fifty iquare 
inches, and contains two millions of vifible parts; 
but the gold which covers the filver wipe, ufed in 
making gold lace, is fpread over a furface twelve 
times as great 

T In making this wire, it is ufual to gild a cylin- 
drical bar of filver ftrongly, and afterwards draw it 
into wire, by pafiing it fucceflively through holes 
of yarious magnitudes in plates of ftecl. By this, 
means the furface is prodigioufly augmented ; not- 
withftanding which, it ftill remains gilded^ fo as 
to prefcrve an uniform appearance even when exa- 
mined with the microfcopc. The iquantities of 
gold and filver, and the dimenfions of the wire^ 
are known. With thcfc data it is ealy to calculate, 
and from calculation it is proved, that fixteen 
ounces of gold, which, if in the form of a cube^ 
would not meafure one inch and a quarter in its 
fide, will completely gild a quantity of filver- 
wire (ufEcicnt to circumfcribc the whole globe 
of the earth. 

V The animalculae obfcrvcd in the milt of a cod* 
fi(h arev fo fniall, that many thoufands of them might 
ftand on the point of a needle. 

Suppofing the globules of the blood in thefi* 
animalculas to be in the fame proportion to t^eir 
bulk as the globules of a man's blood bear to his 
body, it appears, that the fmalleft vifible grain of 
(and would contain more of thefe globules than 
3 10,256 
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io>256 of the largeft mountains in the world wouU 
contain grains of fand 

Thefe inftances may ferve ito (hew the amasing r 
finenefs of the parts of bodies, which are nerertbelels 
ftill compounded. Gold, when reduced to the diin^ 
neft leaf^ dill retains thofe properdes which arife 
from the modification of its parts. Microfcopic 
animaiculae are without doubt organized bodies, and 
the particles of then: circulating fluids muft be poC* 
feOed of ipeciBc qualities. Even the rays of light 
dre compounded of an almoft infinite variety of par* 
ticleS) which, when feparated from each otherj exhibic 
the powers of excidng ideas of colours. None of theic 
are the ultimate particles of which all UN t c s are foroi- 
cd, for they all bear evident marks of compofidooi 
How inconceivably fmall then muft thofe particles bel 

To thefe uldmate particles alone it is^ that im« w 
penetrability can be attributed. Penetradon takea 
place in all compounded bodies. Water exifts in die 
pores of wood. Air in the pores oJ* water. Quicks 
filver in the pores of gold, &c. &c* 

Some philofophers have queftioned whether irn* x 
penetrability be really a property of matter ; and it 
muft be confefled,^ that, notwithftanding this idea 
is fo clofely connected in the formation of our com- 
pound idea of matter, yet, if we examine from 
whence the notion is originally obtained, we (hall 
find that our knowledge is much lefs certain thaa 
we may have fulpefled/ 

To make this clearer, we muft confider that our y 
notion of impenetrability is derived from the fenfe 

of 
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of feeling. Wc rtiove the hand towards a hady^ 
and, in fituations where motion is not generated, it i» 
prevented by that ' body from going forward j from 
which wc conclude, that tl^e body poffcfles a part 
of fpace to the exclufion of je very other body ; thaU 
is to fay, that it is impenetrable. 

But, in order to juftify this conclufion^ it is 
nccefiary that we ftiouid he certain that it Jr the 
body itfelf, aftually occupying fpaee, which refills 
the preffure; and of this we cannot be affured, 
fince we, obferve many inftances in which bodies 
afford refiftance to other bodies which move in 
/paces at fome diftancc from the re fitting body* 
Thus, the loadftone, in certain circumffances, refifts 
the motion of iron which approaches towards it j 
attd there is no doubt but this refiftance or repul- 
fion, if exerted on any p^rt of a man, would afford 
a fehfation fimilar to that which arifes from con- 
taft. If the man had not fight> or fbme other fenle 
to perceive that the refitting body was really diftant, 
he woufd, from the fenfe of touch, conclude thac 
the body was in contaft with the part perceiving; 
and if any force he could produce were infufEcient 
to overcome that refifl:ance, he would conclude the 
body to be impenetrable. 

' Now, by fcvcral experiments, which we (hall 
have occafion to mention in the courfe of this 
work, {here is the higheft reafon to conclude that 
all bodies exert a repulfive force on each otheri^ 
and that the common cffefts which are attributed 
to contad and collifion are produced by this rcpul- 

fion: 
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fion : and, if fo, why not attribute all cffefb of 
the fame nature to this cauie, which we know exifts» 
inftead of fuppofing an impenetrability that caa 
never be proved ? 

If the force of repulfion be fufiiciently great» ic i 
may not be in the power of any natural agent to 
overcome it j and, confequently, all the effedb of 
a real impenetrability will take place, though the 
fubftance or matter icfelf may not be impenetrable, 
or even extended. 

It is not in our power to determine, whether o 
impenetrability of es^tenfion be eflentially ne- 
cefTary to exiftence. For the exceniion of the 
elements of matter feems capable of no other proof 
than what may be drawn from their impenetrability ; 
and experiment cannot .decide> befzaufe a finite 
prefTure can only prove the readiioa of a finite 
.refillance. 

The queftion therefore is, whether it be more d 
probable, that the particles of matter are beings 
poflTcfTcd of a finite power of repulfion, which pre- 
vents their mutual approach, but does not render 
mutual penetration or coincidence in the fame pare 
of fpace impofTible, on the application of force 
lufficient to overcome that repulfion 5 or whether 
they be impenetrable atoms, which, confequently, 
muft refift fuch coincidence with an infinite force i > 

Here we mufl attend to th; fads« If the repulr s 
fion continually increafed as the diftance of the 
bodies decreafed, we might conclude that it was 
the only caufe of the apparent impenetrability of 

bodies i 
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bodies; buCy as in the laadftone^ there is ictrtsan 
jRnall diftance at which repulfion ceafesi and attrac- 
tion takes place^ to in cotxiprefling bodies together^ 
with a Certain degree of preffure, the diftance is 
at length dimini(hed fufficiently ibr the bodies to 
adhere. The phenomena are probably fimilaf ; 
but^ at all events, the coheHon of the parts of 
bodies /hews a mutual attraftion ; and it is not 
eafy to explain why the parts (hould not mutually 
penetrate and coincide^ when the repulfion on 
which the impenetrability was (uppofed to depend 
has ceafed, and given place to attra£lion. And 
on this account the doftrine of impenetrable 
atoms would feem the moft probable. 

This dcduftion, however, fuppofes ^the impenetra- 
ble particles to come into contad where attradion 
has taken place. But it is certain they do not« 
For things in abfolute contact cannot come nearer 
without penetration, and cold is known t6 dimini(h 
the bulk of bodies -, or, in other words, to bring 
their parts nearer each other than before* This con- 
traftion is greater the greater the cfold. V^ithouC 
enquiring into the nature of cold, we may therefore 
preiiime that the utmoft pofTible cold would. either 
bring the impenetrable particles into abfolute con-^ 
tad, pr caufe the body to Vanifh by the mutual 
perietration of all its elements^ Thus, the original 
queftion returns to us, and the only remaining argu- 
ment fecms to be- — If by the firft rule of philofo- 
phizing (6) wc are to admit no more caufcs of 
natural things than are fufiicient to explain the 

phenomena^ 
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pheaoflaenaj, and we know that a fphere of repul- 
Iion exifts as the proximate caufe of our ideas of 
impenetrability and extenfion, why fhould we add to 
this an extended atom exiting in the center of the 
Iphere . of repulfion ? 

The quantity of matter in the univerfe is much o 
leis than is generally imagined. This truth may be 
deduced from what has been laid - already on this 
fubjed ; but more elpecially from the properties of 
tranfpafent bodies. Light pafles through thefe in 
ail direftions without the leaft difficulty. Tbtf focus 
of a burning mirror, which augments the denfity of 
the fun's rays upwards of three thoufand times, 
may be received in the bodies of glafs or water, 
without producing any eSe£):;^fo &r are the par* 
tides of thefe fubftances from impeding the paflage 
of light. And the bottom of the fea has been dif* 
ccrned at a greater depth than fixty f^et. It ieems 
not improbable that the real matter in a fmall piece 
of glafs may bear a lels proportion to its bulk than 
that bulk does to the whole earth. 

To render the polfibility of this more evident, h 
we may fuppofe ^ body to be fo conftru(5ted, as to 
have as much vstcuity as matter ; then half the body 
would be vacuous. And if the pardcles of which 
it is compoled, ' be conftru<^ed in the fame man- 
ner J then the vacuity will become three-fourths of 
the fpace occupied by the body. Again, let thefe 
laft mentioned particles be conftruAed in;the fatne 
manlier; the vacuity will then be ieven^eighths. 
^ Vot.I. C And 
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And if the fcries be cafricd forward to the tcntb 
order of particles^ the vacuity will exceed the matteir 
one thpufand and twenty-three times. • 



CHAP. III. 

. or THt INERTUj AND MOTION OR REST* 

i 

It is chiefly^ from the inertia that we obtain t 
knowledge of the relative quantities of matter 
in bodies. The quantities of matter in bodies 
^bfolutely fimilar in compofition, are determined 
by their extenfion; but in diflTimilar bodies the 
proportion docs not hold. Now, in bodies fimilkr 
in compofition, we obfervc that the inertia follows 
the proportion of the cxtenfion, that is, by reafon 
of the fimilarity, the proportion .of the mats of 
matter ; and* from thence, by applying the propor- 
tion of the inertia to diffimilar bodies, we obtain a 
knowledge of their maffes. Thus, for cjcamplc, 
the quantity of matter in one cubic inch of gold is 
as 1, in two cubic infches as a, in three cubic 
inches as 3, and fo forth: this we gather from the 
extcnfion, and alfo from the inertia,. both which, in 
this cafe, follow the fame proportion. But if a 
cubic inch of copper be added, though the exten- 
fion be augtpented as i, yet the inertia" increafes 
only as ^ i therefore, either the extenfion or the 
inertia is not the proper meafure of the inafsj 
and, as we can mo;e readily adroit that the 

extenfion. 
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cxtenlion, or fpace occupied wicjiin the external 
lifnit$ of the body, may, by porofity in the body;, 
ccafe to be the meafure, than that the inertia ot the 
ultimate parts of matter (hould vary ; we conclude^ 
that the quantity of matter is as the quantity of thtf 
inertia ; though it muft be allowed that neither po- 
rtion is phyGcally detnonftrable. 

The ' incrria of matter being that by which it k 
refift^ any change pf.ftate with regard to motion Of 
reft, is meafured by the force which is required tq 
produce a given change ; that is to fay^ the force 
required to givjc a certain degree of velocity to x 
body at reft a, containing ten < parts of matter; . is 
five tinier! as great as would produce the fame cStA 
on a body at reft b, containing two parts. ' 

This force in a moving body is called the quan- t, 
t!ity of* ihotion, or momentum; and is meafured by '^^ 
die ipais of matoer multiplied by the, velocity ; for 
the whole motion of a body is the fum of {he mo^' 
tions of all its parts. .Therefore, in the iaft men* 
tmted iiiftance, the body a moves with five times 
the force that b moves with, though the velocity is 
. the fame in bdth. But if the velocity of b ^ere to 
be augmented five tiMes, the quantities bf'motioii 
would ch^n be equal ; that of a bem^ exprefied by 
10, multiplied by i, and that of b bejng expreffcd 
by 2, multiplied by 5. • 

' Motion And reft are diftinguKhed into abfolute 
and relative. A bfolute motion is the removal of a m 
body frppi one part of fpace to another. Relative H 
j motion is a fuccefiive change of fituation with 

Ca rcfpeft 
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rcfpeft to another body, though that body may riot ' 
bfe at reft. Thust a man fitting in a barge in 
ftiodon, is relatively at, reft» that iss with refpeffc 
to the parts of the barge : but abfolucely in mo* 
tjoni being ' removed, with the veffel, from one 
part of (pace to another. On the contrary, the 
bargeman, who fixes a ftaff in the ground, and 
gives motion to the barge by walking along its 
gunwale, is abfolucely at reft, for the ftaff* againft 
which he leans is fixed -, but rcladvely in motion, 
fince, with refpedb to the veiTcl, he walks from 
one end to the other. But if the earth be fup^ 
poled in motion, the abfblute motion of the barge 
and its contents will be compounded of its relative 
motion, together with the abfoluce motion of the 
earth. 

There is pother diftindllon in motion, by which 
it is called apparent or angular, and which dependa 
on an optical fallacy. Thus, to an eye at i, (fig« . 
a) a body which moves from c to d, or from r 
to G, will apparendy d^fcribe the line a b, thou^ 
the real motions are very different. And if a body 
move, cither diredly towards, or dircftly from the 
eye, it will be apparently at reft. It is true, that, 
from other circumftances, we have, acquired the 
habit of diftinguifhing different modons which are 
made obliquely to the eye; but where thofccir* 
cumftances are wanting, as in the heavens, it requires 
no fmall degree of attention to diftinguilh the real 
from the apparent motion* 

Experience 
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Experience proves, that the three following laws 
are fufficienc to account for all the phenomciv^ of 
inotioi\. 

L A w. L 

pvery body continues in its ftatc of reft, or of p 
tiniferm motbn in a right line, unlefs cooipelled It 
change that ftate by forces impre^ed. 

For matter at reft, being endued with no power df 
moving itfel^ would remain ib for ev€:r, iinlcft im* 
pelled by (bme external caufe. 

We have alio daily proo^, that a body in mo- 
tion will continue to move uniformly in a right Mtic, 
unlefs prevented or diverted by fome other agent. 
The refiftance of the air, and the force of gravity, 
in a fhort time deftroy the motion of all projeftttet 
whichothcrwif(;, by the vis inertias, would continue 
fbreil; 

.^i\ Law IL 

All change cf motion is in proportion to the <^ 
force imprefled, and is made in the Ime of direftion 
in which that force is imprelled. 

For if any force produces motion, a double force 
will produce a double quantity, and a triple force a 
triple quantity, whether it be imprefled all at once, 
or by fucceffive impulfes. And this motion, (incc 
it always has the fame diredtion as the generating 
forcci if the body.be already in motion, either in- 
creafes the fame, by confpiring therewith, or dimi- 
niOies it by oppofition, or is added to it cibKquelyj 
being condpounded with it according to the direc- 
tions of the two motions. 

C 3 ^ 1.AW 
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Law III. 

R ^£tipn and reaftion arc always equal a|id con-? 
traryj or, the mutual anions of two badrcs arc 
' always equal, and in contrary direftions. 

Thus, if a ftonc be prcffcd by the finger, the finger 
is equally prcffcd by the ftone. If a horfc dray^fs 
a ftonc, the ftone draws the horfe equally back- 
wards, for the rope is equally ftrctched towards 
both. If one body impels another, it will itfelf 
fuffer an equal change of motion by the reaftion 
in 'a contrary direftion. If the Ibadftone attradt 
iron, it is itfelf equally attradlcd, and both are at 
reft, when they come together, which could not 
be if they did not prefs equally. By this means thc^ 
phanges of motion, though not of velocity, arc 
always eq(*al. ' 

To illgftrate this yet more. Suppoic a horfc 
proceeds with a quandty of motion expreffed b* 
the number 3> and that it would require a force 
jcqual fo a to tnove a certain ftonc. The horfc 
then drawing, proceeds with a force equal to i, the 
reaAion of the ftone deftroying as much force as the 
aftion communicates to it. ' 

From thefc laws the following corollaries are 

^afily deduced, which m^y be applied to folve all 

. the efi^cAs which can be produced bf the mecha-^ 

nifcal powers. ' / 

' Corollary!. 

s A body impelled by two forces ^6ting in thei 

dircdlion of the two fides of a parallelogram will 

dcfcribe the diagonal in the &me time^ as by the 

adion 
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aAion of one of the forcesi it would have defcribed 
one of the fides. 

A body at a (fig. 3) would be carried with ati 
uniform modon in a given time to B> by the finj^e 
force M impreflied at a; and by the fingl^ force 

^ ifj impreflfed at the fame place, would be carried 
from A to c : complete the parallelogram a b d €» 
. and, by the combined forces, it will be carried in the 
fame time in the diagonal from a to D. For fince 
the force n ads according to the dire^ion of the 
line A c, which is parallel to b o ; it will, by 
Law il. in no refpeft alter the velocity of approach* 
ing to B D> whif^h was produced by the other force. 
Therefore, the body will fn the fame time arrive at 
the line b d, whether the force k be impreiTed or 
not; and at the end of the time will be found 
fbmewhere in the faid line B d. By the fame man* 

^ per of arguing, it will at the end of the time be 
found fomewhere in the line c i>, which muft of 
coniequence be in that place where (hey interfe£^ 
each othen Its ipotion will be in a right line by 
Law L 

Corollary^ IL 

Hence alfo appears the compofition of a 4ire£l t 
force AD, (fig. 3.) from any two oblique forces, A b 
znd B D, and on the contrary, the reiblution of a 
diTt£t forcei into any two oblique forces^ a b and 

The laws of motion being obvious deduiSlions 
from the phenomena around us> arc confirmed >by 

C4 «vcry 
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tvtTj mechanical cBc& wc fee produced. In the 
confideration of forces^ it is .very often convenient 
to regard them as if compounded of twA or more 
forces, as will be (hewn in the enfuing feftion of 
this Book. It is clear, that any given motion or 
Ibrce Aj> may be produced by any pair out of an 
indefinite number of pairs of forces that may be com- 
pounded together ; for example, a c and a b, or a f 
and AE, or, generally, by any two forces, whofe. 
quantity and dire6bion may conftitute a parallelo-^ 
gram, having a d for Its diagonal. In this parallelo- 
gram are fix things, iiamely, the diredions of the 
two compounding forces, and of the compounded 
^force, and alio their refpe£bive quantities. And if 
any four of thefe be known, the other two may eafily 
be found, by completing the conftru6Hon of the 
figure. 

Corollary III. 

V The quanutytof motion which is obtained by 
takmg the fum of the motions made in the fame 
direction, or the difference of thofe made in contrary 
diredlions, is not changed by the mutual adion of 
the bodies. ^ *• 

For adtion and reaftion being equal, by Law III. 
(22, r) will therefore occafioii equal changes in 
.the motions, but in contrary dire6^i(ms. Confe- 
qtiently, if the motions are both made in the fame 
diredion, whatever is added to the motion of the 
impelled bpdy muft he fubtra£bed from that of the 
impelling body, and the fum will remain the fame. 

But 
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But If the bodies meet diredly, the quantity of mo- 
tion deftroyed being equal in each^ the difierence 
of the motions made in contrary direftioQS will ro- 
main unchanged. 



CHAP. IV. 

QF ATTKACTION, CONSIDtRBD CHIEFLY AS A POWEJt 
THAT GENERATES MOTION. 

The force which tends to bring bodies togedieff ir 
without any hitherto difcoverable impulfei is called 
attraiftion. Whether the various kinds of attrac- 
tion that fall under our obfervation may be referable 
to one Common immediate caufe, cannot yet .be 
determined. The third rule of philofophizing (6) w 
authorizes us to i^eckon it among the propertiea 
of matter j and whether we Hiall ever proceed fo 
hx as to difcover that it is (econdary to Ibme other 
more remote property^ muft depend on future re* 
iearches. It ieems clear> however, that it is not % 
deducible from any of the properties we have enu- 
meratedj^ (7» b) and confequently that all fuppofi- 
tions refpefting the circulation of effluvia^ are mere 
words Without meaning. 

The le veral kinds of attra£):ioni are, thd attra6tioQ y 
of gravitation, or gravity $ the attradbion ofcohe- 
(|on s the attraction of combination, or chemical affi- 
nity ; the attraction of magnetifm, and the attraction 
of electrified bodies. Whether thcfe be modifica- 
tions 
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tions of one fimple power produced by variations in 
the figure, denfity, temperature, or other fecondary 
quaUties of bodies, is entirely unknown. In this 
place we are to confider only the attradlton of gravi* 
tation as a power that generates or produces motion. 

Gravitation is that force by which bodies fall to 
each other. The vicinity x)f the earth, which ftrongly 
attrafts every thing to itfelf, prevents its effcdls be- 
tween fcnaller bodies from appearing ; but the at- 
tra£lion of the mountain of Schehaliien in Scotland, 
upon the ball of a pendulum, was found by a very 
accurate fct of obfervations to be confiderajble. 

This power is found to a(5l on all bodies, at any 
given place, precifcly according to the quantity of 
matter in each, which is difcovcred by the vibra* 
tion of pendulums^ thus. Jjtt the two unequal bodies 
A and E (fig. 4) be fufpendcd by threads of the 
fame lengthy and be let fall at the fame time from, 
the points, a and e, in the arcs A c and e g, which 
are at equal diftanccs from the two lowefl: points 
p and H. Then the vibrations of each will be per- 
formed in equal times, and confequently the velo- 
cities will be equal. Whence the quantity of mo-? 
tion in each, being the product of its mafs of matter 
iDjjlciplied by its velocity (i9> l) will be in propor* 
tion to the mafs of matter in each. But (2 1, q^ the 
force producing motion is in proportion to the 
i}uantity of motion produced. Therefore, the force 
of attraction is in proportion to the quantities of 
matter in bodies. . ^ 

- . This 
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Thi« Kkewife appears in falling bodies^ all which n 
being let go from equal heights, how different fo- 
cycr in weight, arrive at the ground in the fame 
time, that is, with quantities of motion in propotr • 
.tion to their refpeSivc quantities of matter. 

The reGftancc of the air is not here confidcrcd, 
for the fake of pcrfpicuity, though it very fcnQbly 
Impedes all i!K>ttons performed in it. A guinea will 
arrive at the ground in lefs time. than a feather $ but 
in the receiver of an air-pump^ out of which the air 
is exhaufted, they both fall in the fame time. 
' Gravitation ads on all bodies at all ^imes, ^nd o 
that equally, whether in motion or at reft, as is evi- 
dent from' the velocities of felling bodies, which are 
uniformly accelerated during the whole of their 
fcourie. That a force conftantly and equally afting, o 
will produce an uniform acceleration of Velocity, is' 
plain, froiii the following confiderations. Sappofe 
a body a^ begins to move, by the iitipulfe of gra- 
vity imprcficd at that inftant, with a velocity ex- 
preflfed by the number i, the next inftant another 
impulfe will generate a velocity equal to the former. 
It will therefore move with the velocity 2, and at the 
third inftant with the velocity 3, &c. for the preced- 
ing velocities are not in any rcfpeft diminiftied or 
altered by the fucceeding impulfes (ai,Q^) If then 
the impulfes arc equal, and cquidiftant in time, the 
generated motion will be uniformly accelerated ; and 
the velocity," which in this cafe may be confidered 
as the motion, for the roafs of matter does not alter, 
will be in proportion to the time^ that is, if the velo- 
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city in 5 inftantt be cxprcflcd by 5, that produced ^ 

in 10 inftants will be 10, &c. This holds good» 
let the number of impulies in a given time be evcr'ib 
great. But the number muft here be confidered as 
infinite, for the force ceafes not to z& for the Icaft ' 
portion of time, and therefore the acceleration QOn- 
tinucs uniformly through every part of the motion* 

The fpace defcribed by an uniformly accelerated 
motion in a given time, may be conceived to be the 
fum of an infinite number of fpaces produced by a 
Uke number ofuniformlyincreafing velocities. Thefe 
fpaces will be as the velocides by which they ""are 
defcribed. Therefore, as the fum of the numbers 
expreflkig the velocities in any given time is to the 
fum of the numbers exprefling the velocities in any 
other given time, fo is the fum of the fpaces, or whole 
ipace defcribed in the firft given time, to the fum 
of the fpaces, or whole fpace defcribed in the other 
given time. But. the fums of the velocities, for any 
terms of time taken from the beginning of the mo* 
tion, are to ^ch other as the (quares of the times^ 

For the times uniformly increafing from the be* 
ginning, may be exprefled by the natural fcries of 
numbers, i, 2,v3, 4, 5> &c. 2rc. The velocities, and 
alfo.the correfpondent fmall fpaces, may be exprefled 
by the fame feries, becaufe they are both in the fame 
ratio of the times. The whole time ofdefcription, or 
the fum of the inftants, will be denoted by the number 
of terms, or, which is the fame in this feries, by the 
laft term. And the whole fpace defcribed, or fum of 
the fpaces> will be denoted by the fum of the terms. 

Now, 
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Now, all arithmeticians teach, that twice the futn of 
fuch a fcrics is equal , to the number of the tern^s 
irfdcd to unity, or i, and multiplied by the laft term* 
But, becaufe the inftants contained in the given time 
have been alTumcd inftnitely fmall, the number of 
terms in the feries will be infinitely great, and con- 
fequcntly the addition of unity to the number of 
terms will not caufe any finite augmentation* Re- 
jefling, therefore, the addition of unity, the double 
fum of the terms will be equal to the number of 
terms multiplied by the laft term, or, in this ieries, 
to the laft term multiplied by itfelf, that is, the 
fquare of the laft term ; and becaufe halves 'are as 
their wholes, the fum of the terms will be in the fame 
ratio. But the fum of the terms exprelTes the whole 
fpace defcribed, and the laft term denotes either the 
whole time, or the laft acquired velocity. Whence o 
the ipace defcribed from the beginning of an uni- 
formly accelerated motion is as the fquare of the 
time, or as the fquare of the laft acquired velocity. 
Which was to be proved. 

|f the acceleration ceafe at the end of any given h 
time, the motion will become uniform with the laft 
acquired velpcity, and the fpace dcfcribed in aaequal 
term of time will be double that which before was de- 
Icribed from the beginning by the accelerated motion. 
For the fpace defcribcd in any fingle inftant of the 
time by the laft acquired velocity will be expreflc4 
by the laft term of thejuft mentioned feries : and the 
whole fpace defcribed will 6e equal to this fpace 
mi)ldplied by the number of inftants. But the time 

or 
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or number of inftants being equal to the preceding 
time of acceleration^ wiirbe.exprefikd by the num- 
Jbcr of terms J or, in this fcrics, by the laft term. The 
fpace defcribed will be thcref9re exprcffed by the 
laft term muldplied by itfelf; that is to fay> it will 
be tl\e double of the fpace defcribed by the accele* 
rated motipn in an equal time. 

When it is faid chat a number demotes any mikg* 
nitude^ it is to be underftood that the number is 
part of a feries> whofe terms v^ry in a* ratio always 
correfpondentt or equal to the ratio of the magiii<» 
tudes denoted} that is to fay, the ratio between any 
^wo terms of the feries is always equal to the ratio 
between the two it)agnitudes that correfpond to thofe 
terms. In this /cnfe, any magnitudes, however 
unlike, may reprefent each other. Here follows a 
geometrical dembnftration of the foregoing propofi^ 
tions, in which lines are made ufe of inftead of 
numbers. 

In the triangle a b c, fig. 5, let the equal divi^ 
fions A, I, 2, 3, &c. on the (ide a b, reprefent equal 
parts of the time of an uniformly accelerated motion. 
Then the parallel, lines, id, ae, j f^ &t, may re-^ 
prefent the velocities at the fevcral inftaritsi- 1, 2', 
3, &c. for they are in propordon to the titiies a ti 
a 2, A3, &c. And in like manner for any other 
part of the time as a m, the velocity generated will 
be reprefented by its correfpondent ordinate m n. 
Ajpd the fum of the ordinates correfponding wich 
^ny part of the time will reprefent the fum of the 
velocities. But the fum of the ordinates, when taken 

indefinicely 



indefinitely numerous, may be conceived to occupy 
the area contained between the ordinates of the firff 
and laft inftants of the time. And thefe areas, 
v^hen taken from the beginning a, are as the fquares 
of the times a i, a a, a 3, &c. or of the velocities 
* d, a e, 3 f, &c. by the property of fihiilar figures* 
Therefore the fums of the velocities, and confer l 
quently the fpaces defcribed in any given terms of 
tim6 taken from the beginning of an uniformly accc- . 
lerated motion, are to each other as the fquares of 
the times,/ or of the laft acquired velocities. Hence m 
it like wife appears that the fpaces defcribed' in equal 
fuccelTive parts of time, are as the areas contained 
between a and id, id and 2 e, a e and 2 f, &c. 
which areas are to each other as the odd numbers 
I, 3, 5, 7, 9, &c. as appears by infpeftion from the 
number of equal and fimilar fmall triangles con- 
tained in each. 

Again, fuppofc the motion at the end of the rime if 
A B to become uniform with the laft acquired velo- 
city BC. Complete the parallelogram bdec, making 
B D equal to a b, and the* ordinates i i, 2 k, 3 1, &c. 
•will denote velocities, and confequently fpaces de- 
fcribed. Their fum will exprefs the whole fpacc 
defcribed in a time equal to a b, and will be denoted 
by the area bdec. But this area is equal to twice 
the area a b c. Confcquendy the fpace defcribed by o 
an uniform motion with the laft acquired velocity* 
during a rime equal to that of the acccleratiop from 
the beginning, will be double the fpace defcribed by 

^accelerated motion. 

It 
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p It may readily be aj^rehcndcd that an uftiformly 
retarded motion is exadiy the reverie of a motion 
uniformly accelerated. For fuppofe a conftant force 
a£ting againft a body in motion ; as^ for examplei 
gravity afting againft the motion of a body pro« 
jcAed direftly upwards, it will deftroy an equal part 
of the initial velocity, in an equal particle of time,. 
Now, if theie equal deductions be called unities^ and 
be fucccfCvely taken fr6m any number ^hatfoever, 
dll the laft remainder be nothing, it is evident th^t 
the feries of remainders will be the natural numbers 
X* 2, 3, &c. in a reverfed order, and evpry thing 
chat was proved of the times, fpaces, and velocities 
(a8, F* 30, k), or of the parts of the triangle abc, 
fig. 5, Will be true, mutatis mutandis, that is to fay, 
Q^ In the lame bodj^ in motion, and retarded by a 
. conftant and equally afting force, the fpaces de- 
fcribed in coming to reft, are as the fquares of the 
n initial velocities (29, o. 31, l), or as, the fquares 
ft of the times during which they are defcribed : and 
are equal to half the fpaces, which in an equal time 
would have been defcribed by their refpcftive initial 
velocities uniformly continued. 
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CHAP. V. 

OF TJWE PRODUCTION,^ COMMUNICATION, OR 
DESTRUCTION OP MOTION. 

Motion is produced, dcftroycd, or changed in a T 
body, either 'by the impulfc, coUifion, or ftroke, of 
another body in motion, or by ;he force of attraftion. 
Repulfion being immediately the contrary to attrac- u 
tion, and not being perhaps iiifficientiy general and 
univerfal (6) to be admitted as a common property 
of bodies, need not be here confidered. 

We do not know whether the diftindion be- y 
tween impulfe and attradion be real, and exifting in 
the nature of things, or only relative to the imper- 
feft ftate of our knowledge. The moft obfervable w 
difference is, that impulfe is a force which a&s from 
place to place, or, in other words, cannot be with- 
out motion : 'but attradtion can exert itfelf even 
though no motion is produced. 

To exemplify this, iuppofe two bodies to meet x 
^iredly with equal quantities of motion s the efFe£b 
of the (Iroke will be, that the whole motion will be 
deftroyed, and the bodies will remain together. The 
forces will likewife be deftroyed, and the bodies may 
be moved apart; each with, the fame facility as if the 
other did not exift. In this cafe, we have fuppofed 
no attradion to be exerted by them on each other. 
But let it now be fuppofed,. that their motion, inftead 
of being uniform^ and the confcquence of their 
inertia, is produced by a mutual attraftion. They 
come together^ and the motion is deftroyed as be^ 

Vol. !• X D fore. 
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fore. But the 'force of attraftion, by which they 
were originally put in motion^ renfiains^ and is exerted 
in preffing them againft each other. 

y The fmallcft finite impulfe can overcome the~ 
greateft finite preffure. For, let any preffure be 
fuppofed to produce acceleration, and the body^ 
when in motion, will have more force thah when it 
was merely prefled. In its acceleration from* reft, it 
muft pafs through every poffible velocity Icfs than 
the velocity laft acquired. Let the impelling body 
have a momentum expreffed by the produft of its 
mafs into its velocity. (19, l). Whatever produdt 
this may be, it is poffible to aflume a period of the 
acceleration of the body prefled, in which its velo- 
city (hall be fo fmall, as that its produft into its 
mafs fhall be ftill kfs. And it has already . been 
faid, that the force of mere preflure is yet lefs than 
this. Confequendy, it is lefs than that ^f the 
impulfe. 

2 From this it is inferred, if two bodies, perfeftly 
hard, or unyielding, were to ftrike each other with 
any velocity, that they would be broken to pieces, 
provided the cohefion of their parts were lefs than 

A infinite. But if the cohefion were infinite, it is pre- 
fumed that the communication or deftruftion of 

B naotion would be inftantaneous. . However, there 
are no fuch bodies found in nature, and very con- 
fiderable difficulties arife in the abftraft reafoning 
concerning them. 

c There appears to be the lame relation between 
preflure and momentum as between a line and a 

furface. 
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furface. In fome rcfp^s, tht firft may be faid to 
generate the latter* Both are capable of increafe or 
diminution, and y^t ho inCreafe or diminution of 
the one can produce the other. • ^ 

: That prcffurc, which gravity caufes bodies to D 
cxerr againft any obftaclc interpofcd between them 
and the earth, is called Weight. We have already ' 
taken notice of its efFeft when free to produce an 
uniform acceleration in falling bodies (16, a B c.) 
If its power could be increafed or diminifhed, it would 
proportionally increafe of diminifli the momenta- 
neous velocities and fpaces^ (ct8, b) and confcquently 
the whole fpace paffed through in a given time 5 that 
is to fay, conftant forces are as the fpaces pafled t 
through by acceleration in a given time> or as the 
laft acquired velocities. 

When the effedt of any retarding force is conG- t 
dered (31,?), the force will, in a given time, be as 
the whole fpace defcribed during the retardation, tiH 
the motion is deftroyed, or as the initial velocity. 

, Let two accelerating forces be to each other in 
any ratio> the laft acquired v^elocities will (35, e) ht 
in the fame ratio. Imagine the Icfs motion to be 
continued till its laft acquired velocity becomes 
equal to that of the other, and the whole time 
(27, d) will then be to the former time as the greater 
velocity to the lefs, or inverfely as the forces j that 
is, the times required to produce equal velocities a 
are inverfely as the accelerating forces^ But the 
fpaces defcribed in equal tim^ are as the forces 
(35, b). WhcBCe thjc fpaces defcribed in any other 
' , P 2 times 
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times will be .as the forces and the fquares of the 
times (29, g) jointly. But when equal velocities 
»re produced, the fquares of the times will be in- 
verfely as the fquares of the forces (351 o). There- 
for^ the fpaces in this cafe will be as the forces di- 
reftly, and the fquares of the forces in vef fdy^ or in* 

fe verfely as the forces j that is, the fpaces psiffed throt^h 
in producing equal Bnal velocities are inyerfely as 
the accelerating forces., 

I When the effed of a retarding force is confidered 
(3 19 p) the fpaces paflbd through in deftroying mo«> 
uon are inverfely as the retarding forces^ when the 
initial velocities are equal. 

1^ If a body be afted upon by a conftant and in-' 
variable force, and its ma(s be either increafed or di* 
minilhedj without altering the force, the cffedt will 
be the feme with refpeft to acceleration, or retarda- 
tion, as if the force, without changing the body, 
were dimini(hed or increafed in the inverted ratio of 
the mafi. For the force being fuppofcd invariable, 
will always produce or dcftroy the fame quantity oif 
motion (ai, qJ in a given time. This quantity 
will be meafured by the produft of the mafs into 
the velocity (19, l). And that this produft may 
continue unaltered, it is. neccffary that the velocity 
fhould diminifli in the fame proportion as the mafs is 
increafed^ and the contrary. 

L A body impinging with different velocities on 
tallow, d^y timber, and feme other ' fubftances, 
penetrates to depths in the fame fubftance which are 
as the fquares of the inidal velocities. Whenee it 

follows. 
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foUowSj (s^><0 ^hac thcfe fubftances oppofe a coq« 
Ihnt and invariable force of retardation againft the 
motions of given, bodies. 

Suppoie a body to impinge on an uniformly re« 
fifting fubftance> if the initial velocity vary only^ it 
will penetrate to depths which are as the iquares of 
the velocities (j^'O- But if the mals (not magni- 
tude) vary only, the coniequence will be the fame as 
if the retarding force had varied in the inverted ratio 
of the mafs (.2^, k)« And the depths or fpaces will 
be inverfcly as the retarding forces (36, i ) ordircftly 
as the mafles: confequendy, if both the mafs and m 
velocity vary, the depths will be in the compound 
ratio of th^ mafles and the iquares of the velocides. 

The difpuce concerning the measure of forces, ir 
which divided the philofbphical world for confider- 
ably more than half a century^ was founded on a par- 
tial confideration of the effeAs of coUifion. The o 
queftion agitated was, whether the forces of bodies 
in motion ought to be meafured by the mafs of mat* 
ter multiplied by the velocity, or by the ffiafs multi^ 
plied by the fquare of the velocity. The former ' 
ai&Fni ation was called the old opniooy and the latter :' 
the new opinion. 

Neither of thefe opinions are fufficiehcly general p 
iD apply to every cafe of motion, neither are they 
jj-epugnant to each other, as the contenders for each 
infifted. The chief argument urged by the main- q^ 
tainers of the new opinion was, that fpheres of pqual 
magnitude, but of different weights, being let fell 
into taUow, from heig[)ts that were inverfely as the 

D 3 weights. 
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weights^ made pics of equal depths in the faftie< 
Now, faid the difputancs/ equal caufcs 'are thofc 
which produce qqual efFcfts ; the forces o( thefe bo-, 
dies at their impact on the tallow oiuft be eq^jal^ 
^ being the caufes of equal effeft$, namely, t|iQ 
pits in the fame fubftance. But the fquares of the 
velocities of the iqipadls afe .(29, 0) as the heights 
from whence the bodies fall, or in this cafe inverfcly 
^s the weights of the bodies. Therefore the produft 
jof each weight or mafs into the fqtiare of its velocity 
is equal to the jJrqdjud of the other weight into the? 
/ Iquare of itSr velocity, when the pits,, or, as it is af-* 
firmed, tjie^brcep, are equal, 

R ^,. \/^U thisjs. ^rjiCjrN when it is confidered as a mer^ 

V ,fxpJ^^ion o^the meani^isg. of the word, forcca 
j^hicl), if4^dei:|3:opd ^nd applied in this fenfe, wiU 

s w^beproduj^iv^ of crrarK. Pwtiwhen the above j^ 

<j intended fo.fcr^p^as a. proof j that the aft ion of ^ 
fexdy in . motion c$nnot be ,mcpj(ur^d by the *ma(^ 
^uitiplied inlo^ts velocity, it becomes neccfl^rj tQ 
<ibferve,. that th^ pit in the tallpw *bein.g equal, «i 
tmothcryit] does not prove that they were piade by 

T iDqual powers or forces. For powers cannot be.^d t^ 
be equal, unlefs they produce equal efFc<St&. in equaJ 

. times i it being "eafy to imagine, that a wicker 
power continued for a longer, time may produce a« 
efFeft equal to thjjt of a power of greater intenfity, 

17 though of lefs duration. And it is evident, that 
thefe pits are not dcfcribed in equal times ; for they 
are equal to half the fpaces which would have bee^ 
i^efcribed with their refpedtive initial velocities unir^ 

formly 
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formly cohtiriucd (j2, s) in the rcfpcftive times of 
defcription. But the initial velocities would defcribe 
ibcb equal fpaces^in times which are inverfely as the 
velocities themfelves. And it has been already feen, 
that the refult'ofthe prefent experiment is an eafy 
confequence of the properties of retarded motion, 
confidcred jointly with that definition which affirms 
the force or quantity of motion in a body to be 
as th^ produd of the mafs into the velocity 
(37* w). 

The confideration that moving bodies penetrate w 
obftacles to depths which . are as the mafs of the 
body multiplied by the fquare of its' velocity, is* 
of great ufe in almoll every circumftance of this 
kind. It follows from hence, that the depths to x< 
which a body of given magnitude will penetrate, 
into any fubftancc, mtiy be varied to infinity, with-, 
out changing the quantity of motion. For the 
depths will always be greateft when the velocity 
is greateft (37, m) ; and the quantity of motion, 
or produdl of 'the mafs into the vdocity, will not 
be changed, if the: mafs be diminiilied proportion** 
ally while the velocity is augmented, and the con- 
trary, / 

Thus it is (hewn, that a fmall hammer, having y 
the fame ftriking, furface and quantity of motion, 
will do more work at a blow than a large^ one. 
The driving of nails, or of pjiles into the earth, 
follows i\carly the fame law, though in the inftancc 
of the engine for driving piles by the fall of a 
weight, nothing (37, q.) 'would be gained by lef- 

D 4 • fening .' 
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fening the weight and raifiag it higher: becau(ej 
from the property of the mechanical engines^ the 
heights to which weights can be raiied in a given 
time are inverfely as their weights. 

When a body in motion ftrikes another at reft, 
it does not comtpunicate the utmoft quantity of 
motion to this laft^ until its whole action has been 
exerted^ which, if it penetrates^ is not lentil it has 
either penetrated to its utmoft depth, or palled 
through. Hence a projeftile may pafs through an 
obftacle without communicating any confiderable 
quandty of its motion, provided the obftacle be 
conGderably lefs thick, tbap the depth to which the 
projedile muft have penetrated by its whole effort. 
This is exemplified in a piftol-buUet fhot againft a 
door fet open^ through which it paiTes without com- 
municadng modon enough to overcome the fridbion 
of the hinges: whereas a large piece of lead, having 
the fame momentum, inftead of penetrating^ carries 
the door before it, even though the ftriking part 
be a prominence no larger than the bullet in the 
former cafe. , 

The different effects of motion, according as* the 
velocity is greater or lefs, is (hewn likewife in the 
vulgar experiment of breaking a ftick, whofe ends 
reft on two wine glaftes. Fig. 6. Let the two 
wine-glaffes a, c, be filled, and let the ftick a c be 
placed with its ends refting on the two inner edges, 
as in the figure. Then, if a quick blow be ftf uclc 
downwards, on the middle part b, the ftick will be 
broken afunder, without difturbing either the glaffes 

or 
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or their contents. In this experiment the two pieces 
A B, B c> are made to revolve on the points e and d, 
ib that the points a and c rife up inftead of preflSng 
the edges of the glafles. On this account, if the 
blow at B be (Iruck underneath inftead of above the 
ftickj the glafles will be broken. 

That power or property by which a body re- d 
covers \fs figure, after it has been changed by any 
external aftion, is called elafticity. 

If a body (Irike another at reft, and one or both x 
of them yield inwards, or change dieir figure, the 
latter body will gradually, during the time of changfv . ' 
^ pafs through every pollible velocity from reft or 
nothing, to that which is exprefled by dividing the 
quantity of motion in the ftriking body by the fura 
of the two bodies (19, l. 24, v)i at which laft in* 
ftant both bodies will have the fame vebcity, and 
will proceed uniformly together, provided neither be 
elaftic. 

But if both bodies be jpcrfeftly eUftic, they will f 
yield inwards, and the gradual change of velocity 
will obtain as before, till the inftant of the utmoft 
yielding, at which time both will have the fame 
velocity. 'But the elafticity being fuppoftd perfed» 
bodi bodies will recover their figure with a force 
equal to that by which it was changed. The ac-^ 
tion of the. elaftic force being contrary to that of thd 
former ftroke, will caufc the two bodies to fepa- 
rate with the lame relative velocity as they before 
came together. That is to fay, the ftriking body 
will loic twice as much motion as it would have 

. loft 
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loft by a fimilar coUifion without clafticity, and 
the body ftriick will in like manner gain twice as 
fnucb. Confequently the ftriking body, after the 
coUifion, will either proceed . forward, remain ac 
reft^ or be refleded back, according as its ma(s is 
greater, equal to, or Icfs, than that of the body 
ftruck. 

H ..The experimental methods of lUuftrating the 
theorems relating . to motion have been made, for 
the fnaft-parr, on. pendulous bodies, or on bodies let 
fsiSk, either along inclined planes, or in the open 

I ^ir. Mr. John Whitchurft, F. R. S. has contrived 
nn inftrumeht &r meafuring the time a body em- 
ploys in falling throagh a :given fpace. Its chief 
l^yantage confifts^ in meafuring, to an accuracy, 
confiderably beyond the reach of the fenfes. The 
jenfe. can with difficulty divide a fecond into twelve 
parts To as to reckon th^ni: but this inftrument 
divides it into one hundred. A hand or index^ 
conncfled with wheel work, is made' to revolve 
uniformly in a circle divided into one hundred equal 
parts, each revolution bciog. performed in one fecond* 
The regulator of the motion iS a fly, whofe leaver 
jnay be fet fo as to difplace a greater or lefs quantity 
of air, accordingly as the inftrument'is required to 
go. flower or fafter 5 or the fame adjiiftment may 
bc- more accurately obtained by altering the weight 
that gives motion to the wheels. By the conftruc-' 
tion of-the inftrument the body is let go at the be- 
ginning of a revolution, and at the end of its fall it 
ftrikcs another part of the mechanififj, that inftantly 
flops the hand, or index, 

" ' Mr 
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I'Mn G. Atwood, F. R»S. has ioTcnted an in- k 
(Irument for qieafurlng the fpaoes pafled through 
in a given time by a body in motion, whether that 
motion be accelerated, retarded, or uniform. It 
confifts of two cylindrical boxes, fufpendcd at the 
ends of a fine filk line that paflcs over a wheel or 
pulley. Ihe axis of the pulley refts. on the cir- 
cumferences of four other wheels, fo that the cffeSt 
of fridlion is fcarccly fenfible. If the two boxes be 
equally loaded, the weight of the one will counter* 
poilc or deftroy the effefl: of the gravity of the 

. other. The two .boxes with their contents, toge- 
ther with part of the pulley, may*, in this c^fe, be 
confidered as compofing a mafs void of gravity. 
Let any weight be added to otie bPthe boxes, and as 
this weight ii at liberty to move, it will be uniformly 
accelerated by the conftalnt aftion of gravity (27, 
0): but by the conftruftioh of tfie fnftrument, it 
muft give an equal velocity to the whole mafs be- 
fore mentioned, which, therefore; ti^ay be faid to r 
be ah increafe of its mafs, while the moving force 
remains 'conftant, 'The fpaces ptffled through in a 
given time by- the body will, therefore, be to* the 
fpaces it would havfe pafled alone by thie ftme aftroff 
of gravity, (36, k,'35, e) as its own mafs or weight - 
is to, the whole mafs in motion. BytTiis happy 
contrivance, the fpaces pafle3 through by accelera- 
tion or othefwife, in a given time^ are rendered 

. fliort, and eafy to be obferved with precifion. FOr 
this intention there is a chronometer beating feconds 
gdded to the inftrument^ and a graduated rule near 

one ' - ' 
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one of tlic boxes, with a mpvcablc^ftage, to limit or 
terminate the motion *« ^ 



CHAP. VI. 



07 THE ATTRACTION OF COHESi^ON, AND OF SPI- 

CIFIC ATTRACTIONS. 



L The attradiorf of cohefion is that force by which 
bodies or their particles adhere to each other. 

If Ic is demonftratedj that if the forces by i^hicb 
the particles of; bpdics tend towards each other dc- 
creafe in the proportion of the fquares of their 
diftances, the attractive force of two Ipheres com-* 
pofed of fuch parctcles, will be governed by the 
fame law; relation being had to the diftances. of 
their centers : and confequehtly, it will not be fen- 
$bly greater when they are in contaft, than when • 

H they are at a fmall diftance from. each other. But 
if the firft mentioned forces decreafe in the propor- 
tion of the cubes of their diftances^ or in any greater 
proportion^ the latter will decreafe after a much 
higher rate^ and the bodies^ when in contadtj will 

* This inftnimebty and its various nfeii, are defcribed at large 
by the inventor, in '^ ATreatifeon the redUinear motion dnd 
•* rotation of bodies.** 

attract 
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actra6l each other veiy much more forcibty than 
when (eparatcd at the leaft diftance from each 
other *. 
The 6rft of thefe attra&ions is gravity, as is o 

■ 

evinced by its adionon the planetary bodies; and the 
latter appears to be the attraflion of cohefion, for p 
its force is vaftly lefs at the lead diftance, than at 
the place of conta6t. 

In Confequence of this law, feveral dedudions are 
made, which are found to agree with the phenomena 
of this latter kind of attraftion, asj 

Thofe particles which' are poflefled of large for- q^ 
faces of cofitad, adhere moft fti'ongly together, and 
form bodies which are called iiard. 

Thofe particles which touch each other in few x 
points compofe bodies which are fpft or fluid, on 
account of the fmall force with which their parts 
adhere together. 

And hence probably the elafticity of, fome bodies s 
may be explained ; for it. feems to depend on the 
cohefive force which reftores the particles to their 
firil relative dtqatioo, when, by any external impulfe, 
they have been removed to a very fmall diftancc 
from each other. ' 

, Many difcoveries remain for the induftry of fu- t 
tUTj^ philofophers to make concerning this very 
powerful agent in nature. 

By this powe|* the drops of all fluids aiTume a v 
rouod ibrm, aad polifhed plates of metal adhere 
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together wick a prodigious force. This laft is .ejtetfl* 
lr «j)lified 1^ paring a fmaH part ' from each of tWt> 
leaden bullets, and prcfling the furfaces together j 
in which cafe, with a fof face of cdnta6t not ex- 
^ceeding the twentieth part of a fquare inch, it will 
frequently require the force ofioolb. to feparate 
tficnr* 
W By this power alfo it is, that liquids rife into 
the fubftance of bread, fponge, and other porous 
bodies 1 and are fuftained in open capillary tubes 
a confiderable height dbove the levels This height 
is in the reciprocal proportion of the diameters of 
the tubes. - . 

X Two plain glafs plates', fig. 7* touching each other 
at the line a b, and fepar^ted at c d, by a fmall 
obftacle k, being placed in the veffel of water bfg », 
the water rifes between them to the line o i A> which 
is in hyperbola. > 

Let two plain glafs platds a b c d, fi|. 8. be lightly 
ihoiftencd with oil of oranges, and placed one upon 
the other, fo as to touch at the line* a b, being kept 
feparate at c d, by the fmall obftacle l interpofcd* 
In this fituation let them be placed in the horizontal. 
' box, £ f G H, the psH-t c D retting on its bottonx, 
and the other part towards a b, retting on the upper 
end of the perpendicular fcrew i k, which is fixed 
in the box for the purpofe of raifing the plates to 
any defired angle of elevation. Then a drop of the 
above-mentioned oil ..being applied in the opening 
CD, will be attracted by the two plates, and will > 
proceed with an accelerated motion towards a b, if 

the 
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&e plates are kept in an horizontal pdfitioii. But 
if the end a b be raifed by means of the fcrew^ to a 
confiderable angle, the drop will remain fufpended 
in its courfe fome where between c d and a ^^ (up- 
pole at n; and if the elevadon^be increafed^ it wiK 
return towards c d, its weight overpowering the 
attf aftion of the plates. 

Now, fince the weight of the drop continues un- t 
altered, it will not be difficult to find its tendency to 
return, or that part of its weight which is exerted in 

N 

the inclined defcent. For the proportion between 
that part and the whole, is as the height of the 
fdane to its length, as will hereafter be fhewn. And 
fince the two powers, namely, the attradtion by 
^which the drop tends upwards, and that part of its 
weight which is exerted in the contrary diredion> 
are equal when it remains fufpended, the meafure 
or quantity of the one will exprefs the meafure 
or quantity of the other. By theie means it is eafy 
to determine the attraftivc force; which is found 
to increafe in the reciprocal proportion of the Iquares 
of the diftances of the middle of the drop, from the , 
end where the plates are in contad. That is, (imply 
in a reciprocal proportion, becaufe the drop enlarges 
its furface as the fpace becomes narrower ; and again, 
fimply in a reciprocal proportion, becaufe the attrac* 
tion increafes, the nearer the plates approach each 
other. 

This cohefive attraftion extends to an extremely 2 
fmall diftance from bodies, and where its power 

tcr- 
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terminates^ repulfion takes place^ of which we fhall 
iubjoin a few inftances. 

A All hard bodies require a confiderable force tx> 
bring them into conta6fc> as appears by compreffing 
a ' convex lens and plane glals together^ which ex- 
hibit different appearances at the very point of fup* 
poled conta6t, according to the different degrees^ of 
compreflion. This is likcwife (hewn from the paf- 
&ge of the ele^ric matter through metallic chains* 
Of which niore hereafter. 

B . When it rains on the furface of a vcffcl of water, 
fmall drops may frequently be feen running in ail 
dire£tions> which do not mix with the reft of the 
water for feveral feconds. 

c Hence likewife it is, that a body fpccifically hea- 
vier than any fluid, may be made to fwim on its fur- 
face ; for, if a quantity of the fluid be difplaced by the 
repulfiqn equal in weight to the foKd, it'willnot fink. 

D Dry needles or' thin plates of metal fwim On 
water, and form cavities of a curve lined form, ex- 
tending to a conflderable diflance from the body. 

It Let A c B, fig. 9. reprefent the iection of a veflel 
of water, on whofe furface a b is laid two <;irculap 
places of Hnfbil, on each of which is placed a fmall 
curtain ring, or fome fuch body,' to increafe its 
weight, and caufe it to fink farther beneath the fur- 
face. By this means they may form two cavities 
about one-tenth of an inch deep, and extending half 
an inch every way fi-om the circumferences of the 
plates. If they are brought within the diflance of an 
' inch from each other, they will rufh together with 
an accelerated motion. 

-3 Things 
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Things remaining as in the kft i^xpcrimentj let r 
O and Bi fig. 16, be two pieces of wet cork of the 
feme dimenfions; the water then, by adhering to 
their fides, may form a curve lined pi^Otubcrance, 
extending about half an inch from thci^ circumfe- 
rences, and when they are brought within an inch of 
each other, they will ruQi together as before. 

Thefe appearances are eafily accounted for, by a 
confidering, that aftion and reaftion are equal. The 
plate of tinfoI]> by its repiilfion, a£ts on the water, 
and prevents its filling the cavity, and the water by 
its weight rea'dts on the plate; but as this readion is 
the fame on all fides, no motion is produced. But 
when the two plates approach each other near 
enough to unite their repulfive aftions, the weight 
of the water between them being diminiftied by the 
depreflion, its reaftion is lefs than^ that! which pre- 
vails oh the oppofite parts of the circumferences : con- 
fequently they move in the direftipn of the greater 
preflure, that is, towards each other. 

In the latter cafe, the readion is in a contrary r 
diredion, being oppofed to an attrafbiye, inftead of 
a repulfive force : for the reaction of the water en- 
deavouring on all fides to return to its Ipve^, pro- 
duces no motion, becaufe its height is the fame at 
equal difliances all round. But when the two attrac- 
tive powers are, by bringing the bodies nearer, made 
to aft on the fame water between them, it is raifcd 
higher above the common furfitce, and confequently 
reads more ftrongly on that fide j whence the ix)dies 

Vol. U E ruih 



\ 



1 \ 



^q ATTRACTIOMT. 

riifh together^ as in the former cafe* A depreffion 
of the fur&ce b^wcen the two corks will, by dt* 
minifhing the qu^tity of watcr> occafion them to 
recede from each other. 

It is not yet decided whether the attra^on of 
coheGoDj or the power by which bodies retain thf 
aggregadofi of their parts> be one and the fame with 
the attraftion of combination^ or chemical affinity. 
But^ as far as experiment has yet extended on thi» 
fubje&j there is reafon to believe that they are the 
efiedts of different powers. 
: When the rational method of philoibphizing from 
. obfervadon and experiment was lefs known and 
cdeemed than it is at prefent^ many objeftions were 
made to the admitting attraftion as a general caufe^ 
Among others^ it y^as.faid to be a revival of tb^ 
trifling philofophy of occult caufes. But nothing 
can be more inconfiftent and abfurd than to compare 
that philofophy^ which deduces general laws from 
the obfervation of phenomena, with the compen- 
dious method that vanity has invented to di%uiie or 
conceal human ignorance, by referring particuiai: 
fa6):s to occult caufes. The laws' of motipn, the ex« 
tenfion^ the inertia, the redftance, and the attradbion 

of matter, are deduced in the fame manner; and if 
the caufes of thefe be occult or unknown, U is not 
that philofophers are unwilling, but becaule they 
have not yet been able to difcover them, or becauie 
fome of them are, perhaps too, fo fimple, asito be re- 
ferred ^q any other, caiGfes which our ienfes are adapted 
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to difccm. Nothing, howcvcr> can be clearer, than 
thac the exiftence of an agent or caufe may be knoWn, 
though it may itfelf arife from fome prior caufe of 
which we are ignorant; and it is enough that at- 
traction really exifts and a6bs according to eftablifhed 
laws, to juftify philofophers in admitting it in their 
explication of natural appearances. 
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SECT. II. 

Of Bodies in Motion* 



C H A P. I. 

OF THE mfiUKHlQAL POWB&S. 
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Whbn two heavy bodies or. weights are made x* 
by 'any contrivance to aft againft each other^ lb 
as mutually to prevent each other front being put 
into motion by gitivity, they «re faid to be in equi- 
librio. The fame expreflion is ufed with refpe£t to ^ 
other Torces, which mutually prevent each other 
from producing motion. 

Any force may be compared with gravity^ con- m 
fidered as a ftandard. Weight is the action of gra- 
vity on a given mafs (35, d). Whatever thetcforc 
is^pro^ed concerning the weights of bodies will be 
true in like circumflances of other forces. 

Weights are fuppofed to a6l in lines of direction n 
parallel to each other. In iaft^ thefe lines are direAed 
to the center of the earths but the angle formed 
between any two of them within the fpace occupied 
by a mechanical engine is fo fmallj that the largeft 

£ 3 and 
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and tnoft accurate aftronomical inilruments are 
Icarcely capable of exhibiting it, 

f The fimpleft of thofe inftrumcnts, by means pf 
which weights o^ forces ate m^ to aft in oppofi- 
tion to each other^ are ufually termined Mechanical 
Powers, Their qatnes^ 4te, ihe'Lcver,' the Axis an4 
Wheel, the Pulley or Tackle, the Inclined tlanc, 
the Wedge, "and the ScreW/^^^* ' ^^ *' 

» In the theoretical confideration qf thefe fimplc 
inftruments, the parts , t h jpy a r e rfimn nfed of arc 
imagined or fuppofed to poffefs no other properties 
than thofe which conduce to the purpofe of their 
conftruftion. Thus, they^ arc ail fuppofed to be 
without weight' or inertlai-^alid^' to move without 
friftipn. Many of thefe parts are taken to ba 

'mathematical hnes, lome pertectly infiexiblej. and. 
others' perfectly .flexible, reprefenting ropes. . jflk,nd, 
thefe fiippofitioris are allo^yabre,. beca'ufe they imply- 
nothing more than thaf Hie'r^afbhTngs.relate only to, 
abftraft notions or pe rfei^^^inftrurnents 5 and it is cop- 
Icquently rio'Triore to be urged that there ar^ no. 
perfeft inftruments, than that there are no perfeA 

• mathematr6al figures, at Icaft that fenfe is able ta 
. difcover "or diftinguifh. For the difference betweei^ 

theory and praftice is in fome cafes inconfiderable, 
and may in general be allowed for, without much 
difiiculty, ffd'rh the general principles of mechanics, 

• when once eftablilhed. 
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CHAP. II; 

OF THE LEVlRi 

:Xm^ }^^^^ ^s defined to be a moveabk tod iih q^ 
flexible line, a^ed upon by three forces, the middle 
Q^; ,of wi^icb 'mxetitfdfy in diredUon to the othctf 
two. 

One of thefe forces is ufually produced by the & 
rea<5Uon'pf a fixed body, called the folcrum. 

/Let AG (fig, li) repr^ent an horizontal lever at a 
reft. At the point B| equidiftant from a and o, u 
placed the fulcrum d, and at the extremities a and 
^ are hung the equal weights b and f. Then did 
lever will continue at reft, the weights £ and f 
being in< equilibrio, For it is e^dent, that if the 
line A 6 be moved on the fulcrum s, its extremities 
A and G will each be carried with equal velocides id 
the periphery of the fanoe circle. And becaufe a o is 
horia^ontal, the a<^ions:of the weights ef will be in 
direiftion at right angles to iti length ; that is to fay, 
they will aft in the direftion of tangents to the faid 
circle at the points a and o s or they will a£l in the 
direftion of thole particles of the periphery, which 
may be imagined to coincide with the tangents; 
Each prcfTure, therefore, tends to ipove the corre-* 
Ipondenc extremity of the line a o in that very line 
of direftion in which only it can move. Suppole 
the prefTure at g to be removed, and the whole 
prefture at a will be employed in depreffing the 
|)oin( A^ Ofi which is nccefiarily in this cafe the 

£4 fame^ 
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fame, in raifing the point 9 : on account therefore 
of the equal volocitics of the points a and o, the 
aftion of 5 at the point a will be the fame as if 
it were exerted at o Jn the dircftipn of the tangent 

' c G. But again, fuppofc the equal weight f to be' 
reitoi^d, and the point o will then be afted on by 
two eqi^l and oppofitc forces',* which> deftroying^ 
kach other's #ffe£t, will not ^o^u^e n^>tiOri| coq^ 
fequendy the lever wiirconrinue at reft, 

t . . it is likewlfe e^vident, that if the radii a b alid b q 
be not in a right line, the equal forces will' 'tieycr- 
thelefs be in equilibrio, if they be applied in the 
dirpftions of the tangents : thus^ if b o be bent to 
4he pofitipn b jt, and the force i be there applied ir\ 
thjs direflion, ic n, the equilibrium will r^mi^in as 
before. 

V If two contrary forces be applied to a - lever at 
unequal diftances from the fblcrutn, they will equi-< 
ponderate when the forces arc to ieach other in the 
reciprocal propprcfonxif .iheir.diftances. For, 

V . Let AC (fig. 12) reprefent-a tever, whofe radius 
A b is three times as long as bc. At a is fuf- 
pended the weight £ of one pound, and at c is 
fyfpendcd the weight f of three pounds. Then, I 
fay, thcfe weights will equiponderate. With the 
radius b a defcribe the arcu k, intcrfefting c f at ,k. 
Draw the line p k, which may reprefent another 
arm to the lever; and it' wilt b^ evidently of no 
confcquence whether the thread c f be faftened at 
c or K ; conceive it therefore to be. faftened at k, 
and to ad oq the arm b k. Let a g reprefent the 
force of £ ; and k f, being three times as long, wil| 

ycpr^en^ 
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t^ffdknt: the fofrce of f,* . Tim force k f ms^ be ' 
rcfblved {^Si'^) iota two others, k'i in the direct . 
tion of h:K| andK if -ia the direction of the tangent/ 
and their quantities are determined by drawing Ac 
linea ? h and f i, parallel refpeftivdy to k i and k h, ^ 
Ndw> K-r has no eflfcft in moving the arm b k. It 
b the force k h alone that tends to produce motioa- 
ttmards h. The triangles. b c k and k h f are fichi* 
hr, therefore, b k: "b c i < i; f : i? h. But b k : b c/ 
as J to 1/ whence the force k h i? f of k f, as is 
likewl/e a © by the condition. Coniequently h i^- 
and A o are equal, and being applied at the end of 
equal arms a b, b k, wil} be-' in equifibrid (56, t)/ 
^hich was to be proved ; and the dbnclufioo will be '" 
the fame, when the ^veights are to each other in any 
other ratid, provided the arm$ of the lever a b and 
b c be rfeciprocally in the fame proportion^ ' 

By the reFolution of force it appears^ that if' two w 
contrary forces be applied to a ftrait lever at dif- 
lances from, the fulcrum in the reciprocal proportion 
ef their quantities, and in diredions always parallel 
to each other/ the lever virill remain at reft in any 
pofidon, , 

For, let the^force$, a e, c f ^fig, 13) be refblved: k^ 
A B into G E parallel, and o a perpendicular to a c ; 
gnd e F into h f parallel, and c h perpendicular to 
AC; and the forces^ which tend to produce motion, 
will in all poGtions be to each other in the ratio of 
|he forces applied; i. e. as : cf : : ag ; CH, the 
|ri?ngles A p E and c M f being fimilar$ 

Many 
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y Mmf curioiis ind ufefulieffiaEb iD&y be prodosfd 
bf kvers^ whoic:^rmS',.iiS!e beot itiito an ad^^rbuy 
d^ Uqiits of t)u$ Worl)^ da not permit us to ctdaigtf 

t It is evident/, ^t all ^Bkh ^ h^s *been iaid coiW 
ceming the levjer is equally, troei when the: con trary[ 
%ces.ar^ appUc^on tbcf^sme fide of the fbkcimi^ 

A ;.Qp the Itwsf ABy (fig. I4):i£thr weight £.bf XM19 
p^mid bt applied at a, .and the^we^ht.F ofthrod 
povj^ds a(~ C!x fo tb^t thfcif diftances ab and cBt^fngun; 
lbe.fotemm/^1 V ®ay .b^Mrthree co one, thdir^will 
cjquip^^nd^afietiDiwbick is piiwed, by ;apidying tim- 
rea^bnipg at figiW t^ the Jirefeot figwre^ ^ 

J ^, Sipce^.of the ihreq forces which ad 00. a leirerj 
Uie two which are applied 4it the extremes are always 
ii>a coptcary;dinQ6lion to that wl^ich is ^^tied ti| 
the fpace between them^ this lait force will fuT* 
tain the efFedls of the other, two i or> in other vfords, 
if the fulcjrum be placed between the we^ts, it ^ill 
be afted upon by, or v^ill fuftain their fum : but if thq 
weights are oa the fame :(^de. of the fulcrum, it will be 
a<5led upon by their difference^ ' 

c On the principle of the lever are made, fcalcs for 
weighing different quantities of various kinds of 
fubftancesi the ftcelyard, which anfwers the fame 
purpofe by a fingle weight, removed to differ- 
ent diltanccs from the fulcrum on a graduated 
arm, accQrding as the body to be weighed is ipore 
or lefs in quantity; and the bent lever balance, 
which, by the revolution of a fixed weight, increaf* 

, iQg in power as it afcends in the arc of a circle^ 

indicate;^ 



ifidicatcs the. ij^eight of the countcrpqM^ a Ma 

(%• ?i.) ^5 ^ "^^^^Y^f* fupportcd on.iu axis or d 
%;mV w ,thc pillar j m. At;^ is. fij^dcd ^h* 
if^f/Vaii^.^t c is a^xed a weight:", draw. t^ip h(H\^ 
z,(^pt^l. Un?. K G. through the fulqruj^^, ptn Vfhiokt 
froj^A^n^^ c, iw.falJ^ jchp ipcppendigirtjfF.? A.5C,.aiA ^ 
c Pij' then U;b k. and.^p air^jrc(;ipi:qc^lly,.«ipfppoi;r 
tion 'to the weights at .a and^iC, <hfiy^ii\ bf ia eqvin 
^^rio,^ but irnqt, the weight c »ilro«xe,lrfQngrthc . 
arcFG. till that ratio is obtained. . ' It is eaiv to fi;ra^ 
4a?ite,Jt)i? plat^ X,9., Iq as 19 cxprcfs the wdgjit in A 

bythcTOfitioiiQCc. _. . ; 

The l>eam of the common balance is ufq^y,a bent, s 
lever^ with equal arms. Its property of coming to 
refl in an horizontal pofltion, wbeOsthe extremes are 
equally loaded^ is a confequence of its being bent, or» 
which is the fartic thing, of its fulcrum being ^bov^ 
the line, joining the two points on which tiie fcales 
^e fuffjendf dr For .it is cvii^em, .{fig.^ 1 6) that t^erc . . 
is..^yt oqe podrion in which rhe kngths;.of th^ aj:(B$; 
Af^, ^ c, referred to thc.borUpntal line d.e, can.b^: 
eJ:J^al>^ and that is whf t> ^ points a. and c are oa. 
the fame level. 

Balances that mpyie with very litdc friflion on the p 
Iplcrurp, and are cxafily cquibrachial,. are highly, 
valued. But this laft property is o( kfs importance- 
than is commonly imagined. For, if two balances 
\k equally fepfibjc, and oqe of them not. cquibra^ 
chial, it is certain, that if the ftandard weight bar 
placed m one of the fcales of this lai]t, and copoter^ 
poifcd, ,and the ft w^^^rd weight be afterwards re«^ 

rpovedt 
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nl6vcd, any other Body fubftittitcd iii its place will 

- b*vc exaftly tjie fame mafs, *if it be in equilibria 

» , ' ...... ^ , - • . 

with tfipe coimerpoHc. In fa6!, thi^ is the beff method 
cf weighfng, #herl kreat accuracy is required. Or if 
live weights 4)e always put into one fcate ^d the 
4<fentities irito the other, ' thcfe laft will be'pfbpdir- 
rfdhall/ tftiei'lamong each ofti^r, whictV^ is 'quite 
ftifficient in afl philorophical expcrimcrits.. ' 

G ^'On this principle alfo Hepends the motioiisof 
ammafs/ thfe WertOfning or lifting great wcights^ 
by means of trdn levers calfcd' crows, the action of 
nutcrackers, pincers, and many other in^nieni$ 

^ «^thc fame nature. ' 
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c H A P. irr. ' "^ ' 

or THE AXIS AND WHEEL, AND OF THE VUHJS^/ 

, - ■ . • • "^ 

OR TACKLE* 

H ' The axis arH .wheel may be confidered as a' 

mm 

lever, one of the forces being applied at the cir-* 
cumfcrence of the axis, and the other at the ctk' 
cftimferencc of the wheel, the central line of the 
axis being as it were the fulcrum. Fig. 17 is 
a perfpeftive view of the inftrumcrit, and fig. 1 8 
is a fe(5tion of the fame at right angles to the 
axis. Then, if ab, the femidiameter of the axis, 
be to B c, the (emidiameter of the wheels recipro- 
cally as the power s is to the power r, the firft of 
which is applied in the direftion of the tangent of 
V the axis, - and the othrt- in the direftion of the 
tangeiu of the wheelj they will be in equilibria 
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ti^^ u). For A c may be conceived to be a lever, 
whote folcrum is b, and whofe forces applied at 
Aaod c are m the reciprocal proportion of their 
difiances* 

To jchis power nuy be referred the capftan or t 
crane, by which weights are raifed, the winch an(t 
barrel^ for drawing water out of wells, and num. 
berlefs other machines on die iame principle. 
' The pulley is likei^rife explained on the prin- & 
dplc of the lever. The line a c (%*i9).ffiiaf 
l^e conceived to be a lever, whofe arms a b and b e 
are eguidiftant fi-om the4tjlcrum b« Coniequeotljr . 
the two equal powers £ and f, applied in che di* 
rs^ftions of the tangents to the circle in which the 
<xtrenaities are moveable, will be in equilibria 
(55^$). And the fulcrum b will fuibin boda 
forces (58,3). ' 

But in fig* 20 the ftilcrum is at c, thcfrefore l 
a given force at £ will fuftain in equilibrio a double . 
force at f, for in that proportion reciprocally arc 
their diftances from the fulcrum (56, m 58,^ 2)- 
Whence it appears, that, conGdering £ as a force, u 
and ^ ^ a weight to be railed, no increafe of power 
is ginned when the pulley is fixed, as in fig. 1 9 ; 
but. that a double increafe of power is gained when 
the pulley moves with the weight (fig. 20 )• 

A combination of pulleys is called a tackle; and n 
a box, containing one or more pulleys, is called' a 
block. 

r 

nfip B (fig. 2 1 ) is a tackle compofed of four pul- o 
Jeysj two of which are in the fixed block . a, and 

the 
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the other two m the block b that tiloves With thfe 

t weight 1^. NbW, becaiife the rdj)e' is cquklty 
ftretched throughout, each lower pulley will* be 
afted upon by an equal part of the weight : and^ 
b^caufe in' each pulley that moves with the weight 
t double increafc of power is gained ; the force 
by which f may be fuftained will be iqiial to half 
the weight divided by the ttumber of lower pulleysf. 
That is, as twice the number of lower pulleys is to 
t, lb is the weight fufpended to the fulpcnding 
fercei , 

^ ' But if the extremity c'(% ai) be affiled to i\ib 
lower block, it will fuftain half as much as a 
pulley ; confequently the analogy will then be, aft 
twice the number of lower pulleys, more i is to h 
fo is the weight fufpended tt) the fufpending force. 

It is for the moft part more convenient to form 
tackles with blocks of the form exhibited in fig. 23* 

It This reafoning depends oh the equal tenfion of 
the rope, and is therefore conclufive only when the 
tackle is wrought by a fingl^ rope. In the fyflem 
of pulleys (fig. 24) the power increafes in a 
geometrical feries, whofe common ratio is 2, and 
number of terms equal to the hUmber of piblleys. 
Thus, if a force be applied at a, it will be afted 
upon by half the weight fj if at B, by ^; if at 
c, by -J J and if at d> by J-^; &c. The Veafori of 
ivhich is evident frdm what has been already faid* 

s It is evident> that in the compofition of forces, 
the force produced is lefs than the fum of the fom- 
jH>Unding forcesi ad* (fig^ 3) being arwaysleS 

than 



^an the fum of a c and ab. On the contrary, in 
the rcfolotioh of force, a gsun of force is produced^ 
which is exemplified in the following in((ance: 

The rope ba^bf (fig. 25) is paflcd over the T 
pulleys A and b, and undtr the pulley c* Equal 
weights are fufpended at e and f, whofe actions oa 
c may be reprefcnted by the equal lines c j and 
€ H. Thefe forces* compounded- give c d, which 
will exprefs the force cxtnid by the two weights 
£ and F, tending to move c in the direftion of the 
perpendicular, and is lefs than the fum of c j and 
CH. Conlequendy a weight o being applied At Cj 
whofe quantity is lefs than^the whole quantity of s 
and F in the fame proportion, will fuftain thdf 
cfEeiSb, and remain in equilibria Therefore, if 
we confider i and f, as producing by compoSUon 
a force equal to.c, a I0& of force enfuesj and oa 
the other hand, if c be confine red as producing 
ibfces by refolucion equal to £ and f^ an increafe 
of force is acquired. . . 

The quantity of this increale or diminutbn is v 
' readily determined thus. 

From J kt fall the perpendicular j k upon c d^ 
thenc K will be the half of cd. And j c is half 
the lum of jc andcH. Now, as the whole of 
&at fum is. tq t n, fp is the fum of the weights e 
and F to the weight o (for they refpeftively rcpre- 
$^t the forces of tho(e weighty) and fo is j c to 
C,K. But J c is . the fecant of the angle formed 
between the rope a c and the perpendicular c d^ 
tt)e linci.cK being radius. Tbeteforci as the fe- 
cant 
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caot of tbe angl^ formed between one of the ropet 
and the perpendicular is to the raifius^ ib is the fom 
of the weights e and r to the weight o. 
V _ Hence it follows^ that the ^general deduction 
concerning pulleys and weights is only true whea 
the ropes are paralleL 

The pulley or tackle is of fuch general utility^ 
riiat it. is ncedleis to point out any particular in« 
ftancc« 

C Kf A P. IV. 

OF THE INCLINED PLANE> ANI> OF THE WEOOE; 

t 

w The inclined plane has in its effefts a near 
aEoalogy to the lever* Let a b be an horizontal 
plane on which the weight e is placed> and iet e d 
f cprefcnt the force exerted by the weight* a b may 
aHb be conceived to a£b as the arm of a lever, whofe 
fulcrum is a. Let this lever revolve on its fulcrum 
from B to c, then the weight e will be found at e, and 
will z& on the plane a c with an oblique forc.e e d^ 
equal and parallel to e d. Refolve e d into ieb per- 
pendicular, and bd, parallel to a.c, and the force e b 
will be dcftrpyed by the reaftion of the plane* With 
the other force b d, the weight will proceed with 

X ah accelerated motion towards a. Whence it may 
be obfcrved, that the inclined plane, afting againft 
c in the manner of a lever, dcflroys that for^e 
which is exerted in the dineSion of the tangent ;of 
its line of motion, and that the afting force in this 
inftrument is that which in treating of thd fcver 

was 
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vas reje6led (56^ v), as having xio effeft* The y 
'^rce with which any weight on an inclined plane 
tends downwards in the diredibn of the plane» is 
to the weight itfelf as b d to d e $ or as e f to 
A Cy which is die ratio of the height of the plane ' 
(o its lengthj becaufe the triangles bed and f e a 
^e fimilar. But e f is to a e as the fine of the 
angle the iqclined plane makes with the horizon is 
to radios/ See fig. 16. TherefbrCj as the (aid fine z 
is to radius, fo is the force tending downwards in 
the dire<5i:ion of the plane to the weight. And be- 
caufe radius is a oonftant quandty, the forces by^ 
which the fame weight tends downward^ in the 
direftions of various planes will be as the fines of 
their inclinations. 

This inftrument is not much uied in its fimple 
form. 

If it be required to ftiew what force in the di- a 
reAion e p parallel to a b (fig. 27) will iuftain the 
weight e in equilibrio — Set ofi^ e m equal to b d, 
which win reprefent its force or tendency in the 
diredion o&the plane ; and equal, but on the con* 
trary fide, fet oflF e n, which will reprefent the force 
that, applied in the oppofite direction, will fuftaia 
tthe weight in equilibrio. Draw n p perpendicular 
to A c and e p parallel to a b, interfering n p in p, 
e p will be the force reqiiired j for it is compofed 
of c n and n p, and n p being perpendicular to the di- 
reftion o^hc tendency of e avails nothing. Join pd, 
and this lafi: found force is to the whole weight of e, b 
;is p e to e d, or as e f to f a, which is the ratio of 

ToL.L F the 
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the perpendicular height of the plane to its iiorf- 
zontai bafe^ (or the triangles ped and ePA ^re 

c fitnilar*. And fincc adtion and readtion are equal, 
and in contrary direftions (i2, r), it is evident that 
the fame force e p, which fuftains e on the fixed 
inclined plane c a b> applied in the contrary diredion 
would, if the. plane be fuppofed moveable in the 
direftion of its bafe a b, ^nd the body c fixed hy 
the application of an obftacle q r, fuftain the effort 
with which the faid body tends kp impel the plane 
from t towards p- * 

D The wedge is compofed of two inclined planes 
joined together at their common bafe, in the direc^ 
tion of which the power is imprefTed. 

E Let ABC (fig. 28) reprefent a wedge, whole 
vertex a is inferted between the ,two bodies d and 
£, which, being fixed in pofition, refift in a cer* 
tain degree any force which tends to feparate them. 
This refiftance ufually is> like the weight in the in- 
clined plane, perpendicular to the bafe a ^, and 
the power, or force, employed to overcome it, is 

* The fimilarity of thefe triangles not being obvioufly 
Reducible is proved thus : 

Prolong p e and d m till they meet in s ; and the right 
angled triangle m s e will be equal and iimilar to the tri^ 
angle n p e, • e being equal to e p, • 

I'he triangles s e d, ped have the two fides s e, e p, equals 
, the fide e d common to both, and the included angles sed, 
ped are both right angles. Confequently the triangles are 
equal and alike in all refpeds. ' Euclid ^. 4* 

But it is eafiiy (hewn, that the triangle s e d is fimilar to 
the triangle e r a, and fo likewife mufi ped* 

imprefled 
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Irnpreflcd as was jutt mentioned, in the direftioti 
of the faid bafc. Therefore, by the property of 
the inclined plane, the force required to keep one 
half c F A of the wedge in equilibrio with the pref- 
fure of the body d, is to that preffure as cf to 
F A., But as the preffure on the other half of the 
wedge afts with equal effcft, a. double force will be 
required to prefei^vc the equilibrium, that is, a 
force as c B to f a. Or, in general teiims; in any p 
wedge, as the line c b, joining the two equal fides 
A B and a c, is to the diftance between the verteK 
A, and the middle point f of c b, fo is the force 
impreffed to the rcfiftance in d and e. 

This inftrument is commpnly ufed in cleaving o 
wood, and was formerly applied in engines for 
ftamping watch-plates. The force impreffed is 
cdmmonly a blow, which is found to be much more 
cffeftual than a weight or preffure. This differ- 
ence is ufually accounted for, by fuppofing that 
the tremulous motion produced by the ftroke, con- 
fiderably diminiflies the very great friftion at the 
fides. But there is no doubt, that it is chiefly re- 
ferable to the principles that obtain when refitting 
bodies are penetrated (37, m). 

All cutting inftruments may be referred to the h 
wedge. A chizel, or an axe, is a fimple wedge. 
A faw is a number of chizels fixed in a line. A 
knife may be confidered as a wedge when em- 
ployed in fplitting, but if attention be paid to the 
edge,, it is found to be a fine faw, as is evident 
from the muth greater effeft all knives produce by 

]F 2 ajdrawing 
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a drawing ftroke, than what would have followed 
from a direft action of the edge* 



C H A P. V. 

OF THB SCREW, AND O^ MECHANICAL SNGINES 

IN QENERAL. 

4 

I The Screw is compofed of two parts, one of 
which is called the fcrew9 and confifts of a fpi« 
ral protuberance, called the thread, which is wound 
or wrapt .round a cylinder ; and the other, called 
the nut, is perforated to the dimenlions of the cy« 
linder, , and in the internal cavity is put a fpiral 
groove adapted to revive the thread. 

fe LetADOE (fig* 29) reprefent a cylinder, and 
A* B c any flexible fubftance of a thicknefs altoge* 
ther inconfiderable or evanefcent. Suppofe a b c 
to be a triangle, having a right angle at a, and 
one of the legs a b containing the right angle to 

be applied to the cylinder in a line parallel to its 
axis. Imagine now the cylinder to turn on its 

axis fo that the triangle a b c may be rolled or 
wrapped clofe on its furface. The lines b c, and 
all others, as ik, lr parallel to it, will then be con* 
tiguous to, or coincident with, the peripheries of 
circles, whofe planes are all at right angles to the 
axis, and confequeni;ly parallel to each other. But 
the line a c will become a curve a qj« M^a n o p, &c. 
X. which is called an helix. This curve will always, 
w in every part, proceed from one towards the 

othct 
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Other end of the cylinder it enwraps, and wil^ 
make equal angles with the generating circle of 
the cylinder. For any one of thefe angles, a'k i, will 
be produced by the application of another angle 
A K I, always equal to the angle ac b. 

Suppofe the cylinder a d o £ to be perpendic\i« i( 
lar to the horizon, the lines b c and its parallel^ 
together with all their correfpondent circles on the 
cylinder, will then become horizontal. Let the 
line AC now reprefent an inclined plane whofe 
height is a 3, and the helix being of the fame 
length an4 height, and equally inclined to the 
horizoQ throughout, will not differ in mechanic 
elFeft from t|ie inclined plane. That is to fay, the N 
tendency of a weight to deicend on the inclined 
plane, will be exactly the fame as on the helix. 

Let A L be the perpendicular diftance between o 
two adjacent threads. Draw the horizontal line l r 
interfe^bing a c in R. Then l r will be eqtial to 
the circumference of the cylinder, and a r will be 
equal to one revolution of the helix. But a r re« 
^ prefents an inclined plane, equivalent in power to 
the helix. Every helix therefore is equivalent in w 
power to an inclined plane, whole length is equal to 
t one revolution of the helix, and height equal to 

the diftance between two adjacent threads meafured 
by a line parallel to the as^is of the cylinder coa«r 
tained within the helix. 

If the horizontal thicknels of the nut be difre* q^ 
garded, it will not differ from .a weight to be 
fuftain^ on the helical plane. Confequcndy it r 

F 5 wiU 
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•will bit Ucpt in equilibrio by an horizontal force, 
which is to that oF the weight as the perpendi- 
cular ^ift^ncc between two adjacent threads is ta 
the circumference of the cylinder (69, p. 6^, a. b). 

s Or if the power be applied in the diredion of the 
threads of the fcrew, the equilibrio will be had 
when the power is to the weight as the perpendi- 
cular diftance between the two adj:icent thready is tQ 
the' length of one thread of the fcrew (69^ p. 65, y), 

T But there are few^ if any, inftances where the 
fcrew is ufed without the leyer. If an arm e k 
(fig. 30) be applied to move the nut, the weight 
and the power may be confidered as ifting upon 
a lever^ whofe fulqrum is at the axis of the cylinder. 

V And, therefore, the proportions laft found (r, s) 
muft be compounded with the ratio of the femi-r 
diameter of the cylinder to the diftance of e from, 
the axis of motion. 

y It would.be difficult to enumerate the very many 
ufes the fcrew is applied to. It is extremely fer- 
viceable in comprefling bodies together, as paper, 
&c. It is the principal organ in all (lamping in- 
ftruments for ftriking coins, or making impreffions 
on paper or cards, and is of vafl: utility to the phi- 
lofopher, by affording an e^fy method of meafuring 

W or fubdiyiding fmall fpaces. A very ordinary fcrewr 
will divide an inch into five thoufand parts ; but 
the fine hardened fteel fcrews, that are applied to 
the limbs of aftronomical inftruments, will go 
much farther. This method will be readily under-* 
;(lood from the contemplation of fig. 3 1 * 
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On the rule e o h f is fixed the upright piece e f. x 
.Through this piece tlieftem of the fcrew ab pafTes^ 
and is held by a collar^ to that it may be moved on 
its axis without advancing or retiring in the direc* 
lion of its length. The circular plate c d is fixed 
ztf right angles to the axis of the fcrew which 
palTes through its center. The piece i k m l is 
adapted to Aide lengthways on the rule. This 
piece has a fquare aperture, acrofs which is flretched 
a fine wire o p at. right angles to the graduated line 
on the rule that may be feen beginning at u. At 
I K, on the Aiding piece, is a raifed part perforated 
helically to receive the fcrew, Suppofe the fcrew 
to have fifty turns in the length of an inch, and 
the edge of the plate to be divided into 1 00 equal 
parts: fuppofe likewife, that the wire op ftands 
between two of the dividing lines, and that it is 
required to determine its diftance from one of theni.* 
Turn the fcrew, which of courfe will move the 
Aiding piece, and obferve, with a magnifier, when 
the wire accurately covers the dividing line. Then 
the number of whole turns of the fcrew employed 
in the operation will give as many fiftieth parts of 
an inch, and the odd divifions of the plate c d 
will fhew the number of hundredth parts of a 
turn, that is to fay, hundredth parts of one-fif- 
tieth of an inch, or five thoufandth part$ of an 
inch. 

The fcrew has been applied with great fuccefi in y 
the divifion of aftronomical inftruments *. 

^ 9y Mr. Ramfden, who has, written a treatife on the fttbj[e6^« 

F4 . It 
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z It is ealy to conceive, that when forces applied 
to mechanical inflruments are in .cquiUbrto, if the 
lead addirion be made to one of them, it will pre- 
ponderate and overcome the efFort of the oAer. 
But the want of a perfeft polifh or fmoothnefs ia 
the parts of all inftruments, and the rigidity of all 
ropes, which increales with the tenCon, are great 
impeaiments to motion, and in compounded en^nes 
are found to diminiih aboMt one-fourth of the efTeft 
of the power. 

1 The properties of all the mechanical powers 
depending, as has been fhewn, on the laws of - 
motion laid down in the beginning of this treadfe, 
and the ai^ion or tendency to produce motion, of 
each of the two forces, being applied in diredions 
contrary to each other, the following general rule 
"for finding the proportion of the forces in equilibrio 
on any machine will require no proof. 

I If two oppofitc forces be applied to the extremes 
of any mechanical engine, in the direftion of the 
lines, in-which, by the'conftru£tion of the ei^ne, 
the faid cxtT' 
of the forces 
velocides the 
acquire in t 
thofe force; ' 
Suppofe 1 
may be cxpr 

: ' If two wci 
mechanical ci 
proportioji o 
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MECHANICAL IVSTl^UMBNTS* 7j' 

pendicu|ar diredion (rcjcAing the other part) which 
V9ovid be acquired by each when put in motioa^ 
for the fame indefinitely fmail time^ they will be ia 

equilibrio. 

Whence it may be obferved, that ii\ all contriv- o 
ances by which power is gained^ a proportional lo& 
is fuffcred in tioie. If one man^ by means of a 
tackle, can raiie as much weight as ten men could 
by their unatfifted ftrength> he will be ten times as 
long about it. 

It is convenience alone, and not any aftual in- z 
f reafe of force, which we obtain from mechanics. 
7his may be illuftrated by the following example : 

Suppofe a man at the top of a houI$ draws up r 
ten .weights, one at a time, by a fingle rope, in tea 
minutes. Let him have a tackle of five lower pul-» 
leys, and he will draw up the whole ten at once widi 
the fame eafe as he before raifed up one; but in ten 
times the time, that is, in ten minutes. Thus we 
lee the fame work is performed in the fame timCt 
whether the tackle be ufed or not : but the conve« 
nience is, that if the whole ten weights be joined 
into one, they may be raife^ with the tackle, though^ 
it would be impoQible to move diem by the una0ifted 
ftreogth of one man. 

Or, fuppofe, inftead, of ten weights a man draws a 
ten buckets of water from the hdd of a fhip in ten 
taiinutes, and that the (hip being leaky, admits an 
equal quantity in the fame time. It is pro^ofed^ 
that by means of a tackle, he (hall raife a bpcket 
ten times a$ capacious. With diis afliftance be 

I performs 
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performs it> but in as long a time as he employed 
to draw the ten, and therefore is as far from gaining 
©n the water in the latter cafe as in the former, 
H Since then, no real gain offeree is acquired from 
mechanical Qontrivance$, there is the greateft reafon 
to conclude, that a perpetual motion is not to be 
obtained. For in all inftruments the fridion of their 
parts and other refiftances continually deftroy a part 
of the moving fo^cc, and at lail put an end to the 
motion. 
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OF THE CENTER OF GKAVITY. 

, / 

Let a b (fig. 32) reprcfent a long flendep 
body of an inconflderable thicknefs, which i$ 
attrafted by another body in the direftion of the 
fmall ' parallel arrows, abed, &c. Then the 
motion of a b will be the fum of the motions oi 
all the j)arts fituate between a and b. Interpofe 
the pointed obftacle c d, and a b may be confidercd 
as a lever; c being the fulcrum. Confequently, 
if c be fo placed that the parts between a and c 
may be in quantity and diftance from the fulcrum 
equipollent to thofc between c and b, the .whole 
body will reft in equilibrib on the point c. This 
point is called the center of gravity. 

The thicknefs of a b being inconflderable^ the 
point /C may be efteemed as the center of gravity, 
but is not fo when the thicknefs is taken into the 

account. 
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nccount. The foregoing illuftration, bcfides the 
advantage of ics fimplicity, may fervc to fhew that; 
IV hen we fpeak of the whole attraftivc force of a 
body being colledted in its center 3 as for cxarpple, 
the center of the earth, it is not to be imagined that 
any real power, or, as it were magic force, is fup- 
pofe4 to cxift in that center. In the lame manner 
the body a b ccafcs to move, not immediately be- 
caufe its. center of gravity is fuftained, is if the caufc 
pf motion exifted in that center alone, but becaufc, 
by the property of the lever, the forces on thc^fidp 
c B are made to ^ounter^dl; and deftroy tho(e on thq 
fide c A* 

The center of gravity is defined to b? a point u 
libout which all the parts; of a body or bodies are ii^ 
^quilibrio. 

Therefore, the center of gravity of two bodies, m 
A and B (fig. 23) will be a point c, in the right 
Ijne that joins, their centers of gravity, which is 
diftant fr^m the center of each body in the recipro-» 
cal proportion of their maffes (56, u) ; that is, a c; 
(; B : : B ; A. And the ceqter of gravity of threp 
bodies, fuppofe a, b, and £, will be found at d ia 
the line c ?, which joins the center of gravity of ^ 
with the point c j c D being to d e reciprocally as 
the fum of the maffes of a and b is to the mafe of 
E. .-For it is eafily proved, fuppofing the lines to 
be levers, that the bodies a and b will equilibrate 
qn the point c, which, as t^e fulcrum, will fuftaiu 
toth their forces (58, b)j and alfo, that the body e 
vill equilibrate with the force fuftained at c | q being 

the 
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the fulcrum. In this manner the center of gravity 
of any fyftem of bodies may be found. 
K Thougtj the point called the center of gravity is 
defined from the univerfal property, gravity, yet, 
it may be as well defined fi'om the inertia of mat- 
ter i for the point c (fig. 32) is the center of 
inertia, or the point at which an impulfe will move 
the body withojut producing rotation; or, if Ae 
body were in motion in a right line, without ro- 
tation, the point c is the only point at which the 
oppoGtion of a fixed obftacle will deftroy the whole 
motion at once ; but our intended concifenefs for-* 
bids the elucidation of rotatory rtiotions. ^ v 
% o If two bodies move uniformly in right lines, 
^ their common center of gravity will either be at 
reft,, or will move uniformly in a right line ; and 
the fame is likewifc true of the center of gravity of 
three bodies, for the center c (fig. 33) of any two 
of them may be confidered as one body. Therefore,. 
if c and e be in motion, the common center t> will 
cither be at reft, or will move uniforrtily in a right 
line. And the fame may thus be fhewn of any 
number of bodies *. 
F The common center of gravity of two or more 
bodies does not change its date of motion or reft 
from the mutual adions of the bodies upon each 
Other; and therefore, the common center of gra- 
vity of all bodies mutually a£tingupot> each other> 
is cither at reft^ or moves uniformly in a r\ght line^^ 

^ Principia* in Corol. 4. ad '3. Legem motas. 

aftions ^ 



CENTER OF ORAVITIT. 77 

ftftions and. impediments from without being ex* 
eluded. For, ' 

If the bodies a and b (Hg. 32) a6t upon each <^ 
others the motion produced in each v^ill be equals 
(aa> r) and the ratio of ca to cb will confer 
qucntly remain the fame, whether they approach to, 
or recede from each other. The fiate of c will not 
therefore be changed by their mutual adlions. If 
the third body £ be added to the fyftem, the center 
D, for the fame reafon, will not be changed, as to 
its date of motion or reft whether b ads upon c or 
Tiot : and the fame may ^ be proved of any number 
of bodies. 

Since then the ftate of the center of gravity of r 
any fyftcm of bodies, as to reft, or uniform dir?£t 
motion, is not afFedted either by the motions or 
mutual adions of the bodies of which it is com* 
pofed, external adions or impediments being ex* 
eluded, it is plain that the fame law holds good in 
the motion of a fyftemof bodies as is obfcrved by a . 
fingle body. For the progreffive motion of a finglc 
body, or of a fyftem of bodies, muft be eftimated 
by the motion of the center of gravity. 

Hence it is that the center of gravity of the s 
earth is not affeded by the motions on its furface, 
or in its bowels. When a projedile, a cannon 
ball for inftance, is thrown upwards, the projcding 
force reading on the earth, caufcs it to move in the 
. contrary diredion ; but as the motions are cqwalj 
the center of gravity remains the fame. 

The* 
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T The motions and aiftions of bodies upon eacft 
other in a fpace that is carried uniformly forwardi 
arc the fame as if that fpace were at reft. 

u For the motions and aflions of bodies upon each 
other depend on their relative modon, the velocity^ 
of which is thcfum of their abfolute vetecities, when 
they are moved in oppofite direftions^ or their dif-' 
fcrence when they move in the fanle direftion. And 
this fum or difference is not altered by an equal 
velocity impreffed*on all the bodies in the lame of 
a parallel dire Aion, as in the prefcnt cafe: fince^ 
when two bbdies move in Contrary direftions, in a' 
fpace carried uniformly forward, the velocity added 
to that body, with whofe motion the* motidn of 
the fpace confpires, is exaftly equal to the velocity 
deftroyed in tl^e other body, whofe motion is 
oppofed by th^t of the fpace; and when the bodies 
move in the fame direftion, an equal velocity be-» 
ing added to, or deftroyed in both, the difference is 

V likewife unaltered. This is likewife confirmed by 
daily experience j motions J)crformed on board a 
Ihip under fail are. the fame as if the fhip were at 
anchor ; except fo far as they may be difturbed by 
the irregular toflrng of the waves, which affefts 
them fucceffively, as much in one direction aii 
another. A fleet of (hips carried by an uniform 

* Space being in its owii nature immoveable, the expreffion 
is here improper ; bat it conveys a clear idea of the prdpofi-^ 
tioQ in concife terms^ though we can form no idea of bodies 
included in a fpace being a£led upon by that fpace. The 
fpace here mentioned is merely ideal^ may be called relative, 
and is defined to be a moveable dimenfion. 

current^ 
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current, cither prcfcrve the fame relative poiitionst 
or approach to, or recede from, each other in the 
lame manner as they would if no fuch current 
exifted. And the motions of bodies at the fur&cc 
of the earth are no otherwifc afFefted hy its revo- 
lution on its axis than as the revolution is not 
rcftilincar, the cfFe6ts-of which, though confider^ 
able, are not enough fo to fall under common ob«r 
fervation. 

This propofinon is likewife true, if the motion w 
of the fpace bb .uniformly accelerated^ or, which 
k the fame thing, if all the bodies be conftantif 
a<5ted upon by parallel forces which a£b equally^ 
according to their mafles, on each of them. 

For fuch forces will caufe all the bodies to move x 
with the fame acceleration, and to defcribe eoual 
:^aces in the lame direftion with each other. They 
will not therefore change their relative motions or 
JEtuations. 
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C H .A P. VII. 

OF PENDULUMS* 

T The bodies fpoken of in the prefent chapter 
are ftippofed to move without rotationj fridioo^ or 
reliftance from the air> or any other medium ; neither 
are the magnitudes of the bodies brought into' 
confideration. 

It has already been (hewn (65, y), that the force 
of a body to defcend along an inclined plane is to 
the whole force of its gravity as the height of the 

z plane to its length. If the body be at liberty to 
defcend on the plane, the firft-menticnied force vfiU, 
by its Qonftant and equal adion (27, d) produce 
an uniform acceleration. 

The fpaces defcribcd from the b^inning on a 
given inclined plane are (29, g) as the fquares of 

A the times i that is to fay, the times of defcription 
of inclined planes of the fame inclination are as the 
fquare roots of their lengths. 

B The final velocities (36, h) of accelerated mo- 

f tions being equal when die forces are inverfcly as 
the fpaces paflcd through, and the length of an in* 
dined plane being to its height in this fame ratio 
of the forces, by which a body would defcend along 
the plane, or fall freely through its height, it fol- 

c lows that the final velocity acquired* by a body that 
defcends along fuch a plane is equal to the final 
velocity it, would acquire by falling freely through 

to its height. Hence alfo the final velocity is always 

- equal 
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tqual tirhen a hody his feUen through an inclined 
plane of a given height, whatever may be its length. 

The times of acquiring this given velocity, or,of £ 
paifing over the whole lengths, will be inverfely as 
the forces (35, g); that is to fay, direftly as the 
lengths when the heights are equal (65, y). 

Bodies that defcend from a given height al- f 
ways acquire the lame final velocity, whether 
they defeend along a fingle plane or many. Lee 
£o (fig. 34) reprefent an horizontal, and ao a 
perpendicular line; and fuppofe a body to de^^ 
icend along the inclined planes a b, bc, c D) d e; 
continue a b to f in the line e g, and draw the 
lines, B K, ci> d h, parallel to the horizoh. The 
, body, after pafCng through a b and b c, will have 
acquired a velocity equal to the velocity it ^Ould 
have acquired fimply by defcending along b c or 
(80, d) along B L, added to the velocity it had at 
b : therefore the velocity at c, after paffing through 
the planes a b, b c, is the fame as would have been 
acquired by defcending from the fame height a i 
through a fingk plane a l. The fame reafoning 
may be extended to prove, that when the body has 
arrived at d, it will have the fame velocity as it 
would have acquired by defcending rn one plane 
A M of the fame height a h: and fo forth for any 
number of planes whatever. "• 

Since the planes along which a body may pals, 
in defcending from a given height, are not limited 
either in number or magnitude, we may aflume them 
to be indefinitely fmall, and indefinitely numerous. 

Vol. I. G They 
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They may then be conceived to form a curve, and 

G It r will follow, that the laft acquired velodqr of 9 
body that defcends by ^ gravity from a given height 
along a furface either plane, polygonical, or curved, 
is always tije.fame, and is equal to that velocity 
it would have acquired by defcending from the 
fame height by the adion of its gravity in free 
•fpace. 

n On the planes of the fame inclination the times of 
defccnt from the beginning are as the fquare roots 
of the lengths of the planes (80, z. 29, o). 

I If a body defcend ^long any number of inclined 
planes, a b, b c, c d, de, (Hg.34) and another body 
defcend along a like number of planes, n o, o p, p q , 
QjR, (fig. 35) having refpcdivcly the fame incli* 
" nation and proportional lengths, namely, n o to 
A B as o p to B c, and as p c^to c d, &c. then the 
times of dcfcent will follow the fame law as would 
have obtained if each had, paffcd down a finglc 

K plane of the fame inclination : that is to (ay, ihtj 
will be as thq fquare roots of the lengths paflled 

- over. For, if the bodies were each to defcend 
fingly along any two correfpondent planes a b and 
NO, the tinies would be as the fquare roots of thofc 
lengths (82, h): and the final velocities would be 
in the fame ratio (29, c). The fame will be true 
of the planes b c and o p. But now, fuppofe each 
body to have defcended through two planes a b, 
B c, and NO, OP, then the time of defcent through 
b c will be lefe than it would have been in pro- 
portion as the velocity it h& at b is greater, namely, 

1- • 

in 



Of PKSDULVMr 8j 

in proportion to tlic fquarc root of ab (ap, g). 
And in like manner the time of pafling fingly 
through o p will be diminifhed in proportion to the 
increafe of velocity gained at l)> or b proportion 
to the fquare root of n o. But a b te to b c as 
NO to o p, and therefore the timcy of pafling 
through B c and o p are dimini(hed in proportion ^ 
to their magnitudes^ and mull continue to have the 
fame ratio as before. Agdin> fince n o is to a b 
as o p to B c^ the fum of n o and o p^ namel]r> 
K p^ will be to the fum of a b and b c, namely> 
A Cj in the fame mtio i and the fum of the fquare 
roots of N o and o p> namely, the fquare root of 
K Pj will be to the fum of the fquare roots of a b^ b Cj 
namely, the fquare root of a c, as the fquare root of 
N o to the fquare root of ab, or as that of o p to that 
of B c. And iince it has been fbewn, that the times 
of pafling over the planes ii o, o p, and a b, b c, are 
refpedtively proportional to the fquare roots of their 
lengths, the whole rimes muft be proportional to the 
fquare roots of their fums, or whole length, which 
was to be proved : and the fame reafbning will apply 
to any number of planes. 

If the planes be indefinitely fhort and numerous, l 
they may be conceived to form a curve, and a fimi- 
lar aflcmblage of planes rcfpedively, in proportion 
to the former, will form a fimilar curve. The 
foregoing arguments will then prove, that bodies 
defcending along fimilar curve furfaces dcfcribe 
them in times which are as the fquare roots of the 
lengths of the curves. 

G 2 If 
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M If a body be urged towards a giiFeo pojifit^ by 'a 
force which i^ proportional to the dift^ince of the 
body from the pointy it will always arrive at the 
point in the fame timt, whatever the diftancc may be« 
Let I (fig. j^) be the point; and fuppofe two bodies 
to be let fall from any two pcunts, a and |i j at a finke 
diftance from i* Join a r> a ij and r i; and iaia- 
gine A I to be divided into an, indefinitely great 
number of equal parts^ which> confequendy^ will 
each be indefinitely fmalL Through each pcnnt of 
divifion in a i, imagine the linea b (^ c p, b o, ^c*. 
to b^ drawn parallel to a r.^ and they will divide 
the diftance r i into an equal number of indefimtelf 
fmall parts. Any two intervals A b and r ^, will 
be in proportion to the whole Knes At, r i> of 
which they are like parts. Naw^ the force may be 
cileemed to be invariable or confl:ant> while the body 
pafles over the interval a b, becaufe the diftance is 
not definitely lefsj during that time: ^d the fam^ 
may be faid of the interval r q^j that is to fay, the 
forces being as the diftance^ a i, r Ij^ will be alfo 
as the intervals or fpaces a b, r q^ pafled through : 
' and the times of palling thofe intervals will be equal 
i35>^)' By the fame argument the fucceecSng 
intervals r c, q^p, would have been pafied over in 
equal times^ if the motions had connneaced at b 
and Q^^ But in the prefent cafe, the velocities al- 
ready acquired in b and o^are (3 J, t) proportional 
to the fpaces a b and a q^ and confequendy. are 
&ch as would^ without any other action, carry the 
bodies over the fpaces 'b c and q^p, in equal timea. 

3 It 
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It is therefere evi^nt, that the bodies «re carried 
" over the fccond Ipaces b c and qjp, by means df 
aftions or forces which would have carried them 
refpedively through thofe fpaces in the fame time> 
increafed by acquired velocities that would likewife 
have carried them through the fame in equal time& 
The acquired velocities in 1 and <^ muft therefore 
fubdufk equally from the times in which b g and 
Q^p would have been otherwiie defcribedt and the re«- 
inaining or adual tittits of defcription will be equaL 
This realbning Will extend to prove, that all the 
other correfpondent intervals, c d and p o, d £ and . 
ON, &c. are refpeAively pafled over in equal 
times i or, in other words, the whole lines a i and 
^ R 1 will be pailcd over in equal times 1 which wsts 
to be ihewn. 

If a number of indefinitely (hort inclined planes U 
be jcnned together, and the fine of the inclination 
of any plane to the horizon {6§y z) be as its dtf* 
tancc from the loweft plane, meafured along the 
planes, the tendency of a bddy to dcfccnd on them 
will be as its diftance thus taken: confequencly 
(84, m) a body will,^ by paffing along them from any . 
diftance, arrive at the lowcfl point in the fame time. 
The line in which the defcent is made may be ton- o 
ceived to be a curve, becaufe no part of afty definite 
magnitude Kes in the fame right fine. This curVe 
is termed a cycloid. 

Every thing that has been proved of the accele- p 
rated defcent of bodies along inclined planes will 
hold good, mutatis mutandis (3 1^ p) when bodies are 

Q 3 ' retarded 



S6 OF PCNDULUMS. 

retarded in their afcent along the lame, or congruous 
planes. 

Q^ A pendulous body ofcillates by the fame laws as 
it would move on an inclined furface of the fame 
figure as the curve it delcribcs* For the Teadion 
of the firing or rod is exerted againfl;, and deftroys 
the very force that fuch a plane would deftroy. 

X The pendulums of clocks uiually vibrate in the 
arcs of circles. It has formerly been thought an 
advantage to make them vibrate in the arcs of 
cycloids; but the difficulties that attend the prafti- 
caj application are fuchj that there is good reafon to 
think that they produce greater errors in the admea- 
furement of time than thofc they are intended to re- 

. mcdy *. For this reafon, we fhall here opjy explain 
the properties of bodies vibrating in circuFar arcs. 

s Let B ((ig« 37) be a body pendulous from a, and 
moveable in the arc b f 2, whofe lowed point is f : . 
draw the line a f c, on which from b let fall the 
perpendicular B b. This laft line b d will be hori- 
zontal. From B draw b c at right angles tof a b, 
and confequently touching the arc b f e. The body 
at B will then be urged towards f by its gravity in 
the fame manner ^ if it refted on an inclined plane 
B c, making the angle Die with the horizon. Which 
angle, by reafon of the fimilarity of the triangles 
p B c, D A B, is equal to the angle p a b, or the in- 

* The excellent Huyghens has explained the vibrations of 
pendulous bodies in his Treatife de Horologio Ofcillatorio ; 
aiid the fame thing is performed* more generally in the Frin- 
dpial. § iQ. 

clination 
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dination of the pendulum-rod or ftring with the 
perpendicular. But the force at b is as the fine of 
this angle (65, 2). Now, in very fmall angles, 
the fines, and confequendy the forces, - are nearly 
propordonal to the fubtending arcs to be pafled 
ovcr^ therefore, (85, n) all the circular vibrations^ t 
of the fame pendulum are nearly equal when the 
arcs of vibration are fmall. 

But, io f^Ay becaufe the arcs increafe fafter than u 
the fines, the lefs vibrations of the fame pendulum 
are performed in le(s times. 

The times of the vibrations of pendulums that v 
defcribe fimilar arcs of circles, or, which is in faft 
the fame, have equal angles of vibration, are (83, t) 
as the fquare roots of the lengths of the arcs : and, y 
becaufe the fimilar arcs are as the radii they are 
defcribed with, the times will be as the fquare roots w 
of the lengths of the pendulums. * This propofinon x 
may be affirmed likewife of all angles of vibration 
(87, t) when they are fm/iU. 

Thus, far, in our reafoning, we have fuppofed the v 
force of gravity to be invariable in a given body ; 
but if it be fuppofed to vary, its «ffefts will vary fn 
the fame ratio (35, d,e)5 and the lengths of fimilar 
arcs defcribed by a pendulous body in equal times 
will be direftly as the forces of gravitation that 
urge them. Now, the lengths of the arcs arc as 
their radii, that is to fay, the lengths of j)cndiilums, 
vibrating through fmall arcs (87, x) and mcafuring 
equal times, are as the gravitating forces. 
• G 4 If 



z If the ball b (fig. 37) of a pendulum were let 
go from any point remote from the loweft point r» 
it vTould defcend to f with an accelerated motion 
through the arc 9 f i and if its motion were without 
all refiftanee or impediment^ it would^ by a retarded 

- fiiotion preqfely fimikr to its former acceleration^ 
afcend through an arc f b> equal to b f. From 
the point £ it would again defcend by acceleratioii 
to F| and again rife to b> by p^ng through the arc 
FB in the fame manner as it before afcended through 
the arc ? £ : the ofciilation would thus continue for 
ever» the angles and the times of all the vibrations 
being equal. But this cannot be ; for there is no 
avoiding a certain degree of fri£lion at a^ aqd the 
^ball B ftriking, and giving motion to the parts of 
the air oppoftd to itscourfe, muft itfclf lofe as much 
motion as it commumcates, (22, r) by which means 
the • motion muft continually decay^ and at laft 
become infenfible, 

A' The pendulums of clocks are maintained in their 
motion by the action of the wheels, which are driven 
round by me^s of a weight or fpring. Let b o f 
( fig. 3 8 ) reprefent .the fwing- wheel of a clock that is 
urged tq revolve in the diredion ecfj let c and d re- 
prefent the pallets moveable on an axis at a, and fa 
connected with the pendulum a b that they are 
made to vibrate along with it. Suppofe the ball 
to vibrate from r to B, one of the teeth of the 
wheel refting againft the pallet Cy ^hoie figure may 

^^c fecA enlarged at i k l, When the pendulum 

rcturesi 
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returns towards c^ the pallet c is drawn oiit» the 
wheel prcfling firft along the plane i k, and after* 
^waids on the inclined plane .kl; by its aftiofi 
on which laft, it puflies the pallet or afflfts its tna» 
Qon^ till at length the tooth flips off the point l« 
During this time the pallet d> whofe figure is feen at 
p N o, is carried in 'between the teeth on the other 
fide of the wheel ; that when the wheel efcapes the 
pallet c, another tooth drops on the plane n P of the 
pallet D. The returning vibration again draws out 
the pallet d, the tooth of the wheel affifting its 
motion by prefiing along the inclined plane n o 
till it efcapes at o. At this inftant the pallet c has 
acquired its original (ituationj and therefore receives 
the ac^acent tooth ; and the whole proceeds as be-» 
6xfe. This is a very fimple and good efcapemcnt. 
It is called the dead-beat efcapemcnt, bccaufe the 
^cond hand in clocks of this conftruAion falls with 
a fingle or vulgarly a dead-ftrokc on the divifion line 
of the dial, and docs not recoil, but remains motion- 
Jefs during that part of the vibration in which 
the tooth of the crown-wheel rcfts on the plane i k, 
or |» N of the pallet. , 

There are many other efcapemcnts which aur 
prefent purpofe will not admit of dcfcribing. The 
leading requifite of a good efcapemcnt is, that thQ 
impulfe communicated to the pendulum (hall be 
invariable notwithftanding any irregularity or (ouU 
licfs in the train of whtcls. 

If the rcfiftances arifing from the friftion at the q 

moving 
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moving pskvts, and from the motion communicatedi 
p} the air, were always the fame, and the cloclc 
. were ui^ed by a weight, the adtion of the fwing-^ 
wheel on the pallets would be always the fame at - 
a given place, in confequence of which, the figure 
of all the parts being ^fuppoied invariable, the 
arc of vibration would be conftantly of the fame 
magnitude, namely, fuch as, that the motion lofl: 
by the reliftances oppofed to the pendulum 
ihould be accurately equal to the motion com- 
. municated by the pallets, and the times would 
be equal; that is to fay, the clock would be per- 
fcSt,' and would meafure time accurately. But 
thefe conditions are not eafily obtained. It is not 
found, that the variation in the refiftance of the 
^r, arifing from its changes of denfity, occafions 
any fcnfible irregularity in docks. The moft con- 
iiderable irregularities in the movement arife from 
the tenacity of the .oil applied to the moving parts.. 
For the oil is lefs fluid in cold than in hop wea-? 
thcrj'and when it is lefs fluid, a greater quantity 
of the maintaining power muft be loft in over* 
coming its rigidity : whence it muft happen, that 
the teeth of the crown-wheel will in that cafe a£t 
• lefs forcibly on the pallets, and the vibration will be 
lefs. IP the pendulum be fufpendcd on anxaxis, 
this caufe, together with the conftant wear, is very 
noxious; but this dcfeft is remedied by fufpend* 
ing it by a ftrait flexible fpting. And in addition 
10 this, there have not yet been found any materials 

which 
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r* 

which d(> not expand by heat. The pendulum rod 
therefore is longer in hot than cold weather, and 
the clock confequently goes flower (ij, w). 

It has hot been determined from experiment and c 
obfervation, how far thefe caufes'refpedkively afiefk 
the regularity of the clock's going. There arc 
many good inventions ibr obviiating their effdEts. 

The irregular a6tion of the maintaining power, D 
in confequence of its giving motion to the whole 
train of wheels, is rendered of no confequence by 
means of the efcapements, wjiich are called detadied 
or free efcapements. For in thefe the impetus of 
the fwing^wheel is not fuffered to ad on the pen- 
dulum, but is employed in railing a fmall weight in 
each vibration, which, by its fall, always gives the 
fame impulfe to the pendulum. * 

The expanfion or contraction of deal^wood length- b 
ways, by change of temperature, is fo fmall, that 
it is found to make very good pendulum -rods. 
The wood called fapadillo is faid to be- dill better. 
• There is reafon to' believe, that the previous baking, 
varniftiing, gilding, or foaking, of thefe woods in 
any melted matter, only tends to impair the property 
that renders them valuable. They (hould be fimply 
rubbed on the outfide with wax and a cloth. In 
' pendulums of this conftruftion the error is greatly 
diminiflied, but not taken away : biit there are a 
confiderable number of ingenious contrivances for 
cndrely removing it. ^ 

The combination of metallic .bars in the gridiron f 

pendulum 
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pendulum feems to be the moft frniple iM <iffec« 
tual contrivance for this purpofci and is therefore 
the only one we (hall here dcfcribe* From the point 
of fufpeniion a (fig* 39) proceeds a fmall flexible 
ipring» by the alternate flexure of which the ribra-*^ 
tion is allowed to be made. The lower part of 
the ipring is fixed to the frame b c^ out of which 
pnx^ed five equal cylindrical bars of metal. The 
two outer bars are ileel, as is likewife the middle 
bar : the other two are a compofition of ziok and 
filver. The two outer bars are fattened -in the 
piece Bc by means of piils, but the three inner 
ones pafs loofely into holes in the fame piece» with* 
out being faftened at all. The three inner bars 
pafs through a piece £3 near their upper ends^ in 
%hich they are all faftened by pins. At the lower 
c)Ctremities of the bars is another crofs piece f g, in 
wUch ^I the bdrs are faftened by pins^ except the 
middle bar that paftes freely through> and carries 
the ball or lens h. 
Q The confsderation on which this conftruftion 
depends is^ that a given increafe of temperature 
will caufe the bars of zink and ftlver to expand 
about twice as much in their linear dimenfions as 
the bars of fteel. To Amplify our explanation, let 
us attend only to the ball h, without regarding 
the weight of the other parts. It will then only be 
required, chit the diftance between a and the ball 
fi ihould continue unaltered in every change of 
temperature, which is accomplifhcd thus. Imagine^ 

the 
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the outer bars of fteel to cxpaad by heat^ «iid they 
will fuffcr the frame fo to delcend; die middle 
<Q:eel-*bar will ' fikewife expand in the fame ratio of ^ 
its kngch; aad the ball h would confequently 
be removed farther from the point of fuipenfion a 
if no other paints of the apparatus were affed:ed by 
the heat : bat the fame beat expands the bars of 
zink and (ilver much more in proportion to their 
lengthsj and therefore the adjuftment may be {(^ . 
made as that the expanfion of thefe fhorter bars 
may b^ equal to that of the longer ones of dttXi 
that is to fay, the expanfion of thefe two bars may 
be fuch as to remove the crofs piece d e farther from 
F G^ fo as to raile the ball h upwards through a ipace 
exadUy equal to the quantity of the expanfion of the 
central, and the two outer bars. Whence the ball - 
H will always be kept at the fame dillance from a* 

It may be obierved, that the two outer fteel bars h 
anfwer the purpofe of a fingle bar with regard to 
the expanfion, as do likcwife the two next adjacent 
to the middle bar. Thefe bars, namely, two of 
fteel and one of zink and filvcr, would hav^e been 
fufficient in theory^ but the neceflSty of binding 
them together in that cafe produces a degree of 
friftion of the parts that is, not without reafon, 
thought to have a bad efFe£b, by caufing the adion 
to take place by ftarts. The adjuftmcnt of the con- 
trary expanfions is made by pinning the piece d s 
at the various diftances from f g, by which means 
the ratio of the length of fteel to diat of the zink 

and 
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and (liver may be altered in any convenieot degree: 
and this adjuftment being made from adual obier- • 
yation of the clock's going, it is evident, that no 
pra6tical inconvenience can refult from our gratui* 

tDus fuppoGtion of all the parts, except h, being 
without weight. 
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CHAP. VIII. 

OF THE MOTION OF A BODY, WHICH IS ACT£I> 
UPON BY A CENTRIPETAL FORCE. 

If a body at a (fig. 40) be carried with an r 
uniform direct motion in a given line ae, and 
rays be drawn from the equidill^nt points^ Aj Bj c^ 
D> £> to any point l, without the line a k, the areas 
A L B> B L Cj d L D, D L £, &c. wiU bc cqual to each 
other*. 

And thefe areas which arc dcfcribed in equal k 
tiipes, will not be altered by any centripetal force 
afting on the body a, and impelling it towards l. 
For, . 

Supppfe the body a to defcribe the equal /paces l 
AB^ BC, CD, and confequently.with refpeft to the 
point L, the equal areas a l b> b l c, c l b^ in equal 
times. Let a centripetal force be imprefled at d, 
which fingly would caufe it to defcribe the (pace 
od in the fame time as d e, which is equal to d c, 
&c. Complete the parallelogram od ce,. and 
f 23, s) at the end of the time the body will be found 
ate J having defcribcd the diagonal oe. The tri- 

* This reafoning depends on that well-known propofition 
(Euclid I. 38) that triangles conftituted opon equal bafes, 
and between the fame parallel, are equal to one another. 

angle 
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angle net will then be equal to del, bedaufe 
both ftan^ on the fame bafe d h, and between the 
parallels d l and e e» Continue ^ p equal to d e^ 
and the area e f l will be equal to d e l, . fbi^ the 
fame rcafon ; e f reprefenting thefpace which wbuld 
be defcribed in the fanoe time as d e^ if no new 
impulfe were given at e. Let a force e tn be im- 
prelTed at e, and by. the fame procefs it is proved, 
that e f L is equal to e F l. The like may be proved 
of the triangles f g l, g h l, &c. 

M ' Since therefore any (ingle impuIfe can only alter 
the velocity and direftion, but never affeft the 
area defcribed^ it is plain that any number of fuc- 
ceffive impulfes will likewife have no elFcft in ■ al- 

1 tering the area. Suppole the number of impulfes 
to be infinite, or, in other words, let a force 
direfted to the center aft continually on the body, 
and a polygon with an infinite number of fides, ^ 
that is to fay, a curve, will' be defcribed^ whole 
radius accompanying the moving body, will de* 
fcribe or fweep over equal areas in equal times. 

N And converfely, if a body revolve about a point, 
fo as to dcfcribe a curve, whofe radius accompany- 
ing the body, fliall fweep over equal areas in equal 
times, the centripetal force which deflefts the mo- 
tion from a right line, muft be direfted to that 
point. 

o But no inftance of a centripetal force direfted .to 
an immoveable point is found in nature. Bodies 
attraft one another, and that mutually. There- 
fore, 
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fore, if one body revolves about another, this laft 
will not Tcmain at reft, but will revolve in a * fimi- 
lar curve about the common center of gravity, 
as will alfd the firft body. That is to fay, if the 
center of gravity be at reft, the two bodies will ab- 
iblutely move in (imilar curves about that center, 
and relatively about each other in curves fimilar 
to thofe laft mentioned. 

Thefe motions will not be altered, if the center p 
of gravity be fuppofcd in motion (78, t. 79* w). 

Therefore when we fpeak of the orbits and pe- q^ 
liodical revolutions^ of bodies, we may in general 
regard one of the bodies as ftationary, and the 
other as revolving found it. 

If a body revolve round a center in an orbit r 
which is not circular, it is plain, that to defcribe 
equal areas in equal times, it muft move fwifter 
when near the center than when more diftant ; and 
it is likewife evident, ihat when the velocity, and 
conicquently the tendency to fly off in a tangent, 
is increafed, a greater centripeoU force will be re- 
quired to retain it in its orbit« 

From the properties of the ellipfis it is demon- s 
ftrated, that a body revolving in that curve, whoie 
centripetal force tends to one of its foci, muft in 
any part of its orbit be attradted towards that focus, 
by a force which is reciprocally as the fquare of its 
diftance f. 

* 

• Principia^ ^* S7* "I* P"pcip*a, I. it. 
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T A very complete and clear idea of the - ellipfis 
ifSay be had from the common way of deicribing 
it; if a thread c a c (fig. 41) be fattened by its 
ends at the points c c, and a pointed inftrument be 
inferted in the bight or bend at Aj and moved tOr 
wards b or e, keeping the thread at full ftretch> it 
will in one revolution defcribe the ellipfis a b d £• 
c c are called the foci. 

u To iUuftrate this doftrine of revolving bodies^ 
we may obfcrve, that as gravity conftantly ads on 
all bodies in the vicmity of the earth, attrading 
them towards its center, every projc6bile, which 
is not thrown in the line of the perpendicular, may 
be confidered as a body revolving about that cen- 
ter i and if its orbit be not fuificiendy large to con- 
tain or circumfcribe the body of the earth, it will 
be interrupted in its courfe, and remain at reft 
fomtwhere on the furface. Thus let a b e (fig. 42) 
reprcfent the earth, whofe center is at c j then if 
. a body be projcfted from a in the direftiqp a f, it 
will, by theadlion of the centripetal force, be de- 
fleded into the curve a o bJ and will remain at reft 
at B, being prevented from defcribing the whole 
orbit A G B D A, by the body of the earth, which in- 
terrupts its courfe at b. But the part a q b of the 
elliptical orbit of a projeftile is fo fmall, in com- 
parifon to that part which is not defcribcd, that it 
may without any fenfible error be confidered as a 
parabola, except fo far as the refiftance' of the air, 
which is not here regarded, makes it fall fbort of b, 
by deftroying part of its motion, 

the 
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The orbit a g b d a, of which the parabola is v 
part, would have been defcribcd upon the fuppo- 
fition that the attrafVion towards the center con- 
tinues to obftrve the fame bw within as without 
the fphere. But this fuppolxtion, however, is not 
, true J for a fphere of uniform dcnfity, compofed 
of particles which attraft each other with forces re- 
ciprocally as the fquares of their diftances, will at- 
tract bodies without its furface. according to the 
, iame law; relation being had to its' center. But 
' the centripetal forces of bodies placed within the 
fphere, will be dircftly as their diftaaces from the 



center ^, 



Let the circle bcoc (fig. 43) reprefcnt the w 
earth. From the top of the mountain a, let 9 
body be pfojcded in the horizontal direftion at, 
with a forc^ that will carry it to b on the furface. 
Imagine it to be projefted in the fame dircftion 
with a ftill greater force, and, it will be carried 
to G. A ftill greater increafe of force will carry 
it to D, And a yet greater augmentation will 
carry it round the earth to a, where it will pro- 
ceed with a velocity^cqual to that with which it 
was firft projefted, a. i by confequqnce, the re- 
fiftance of the air being difregardcd, v/ill revolve 
in that orbit for ever. But if the projcftile force 
be ftill more increafed, it will defcribe the eUipfis 
A b A with an unequable motion ; flower at b and 
fwiftcr at a, and continue tq revolve for ever in 
that orbit. 

* Pfincipia, I. 80. 
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X If gravity afts in the diftant fpaces of the heavens 
inverfely according to the fquares of the diftances^ 
it will be eafy to apply this to the motions of the 
celeftial bodies. We fhall again refume this fub« 
jeftj but in the mean time it is neceflary that tha 
appearances (hould firft be defcribed before an 
explanation of them can be ^ven. 
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SECT. III. 



Aftronomy. 



C H A P. I. 

CONCERNING THE SYSTEM OF THE UNIVERSE. 

I 

There are two methods by which knowledge y 
may be acquired and announced ; namely, by ana- 
lyfis, or by fynthefis. In the method of analyfis 
the procefs is made from things that are com- 
pounded to things that are more (imple. Caufes^ 
or, firft principles, are inveftigatcd by attending 
to, and examining their enPe^bs. But in the me- 
thod of fynthefis the procefs is direftly the con- 
trary J for here the caufes, or firft principles, be- 
ing known or aflfumcd, are made by compofition 
or combination to account for their efie(5ts. It is 
very manifeft, that in the acquifition of philofo- 
phical knowledge the former method muft be firft 
made ufc ot We fee no fimple events in nature, 
and we cannot come at caufes but by analyfing 
the efFcdts we behold. Thus it is that firft prin- 

H 3 ciplcs 
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ciplcs are obtained, which may afterwards be ex* 
tended by fynthefis, to account for other phenomena 
in a more univcrfal manner. Generally fpeaking, 
the analyfis appears bed adapted for acquiring 
knowledge, while the fynthetical method is more 
convenient and concife for communicating it, when 
known. 

In the . communication of thcf knowledge that 
relates to the heavenly bodies, and is termed aftro- 
nomy, we might affume as eftablifhed firft prin- 
ciples every thing which re fpefts their mutual po- 
fitions and motions abfolutely conGdercd, and from 
thence deduce fynthctically the phenomena that 
would appear to a fpeftacor placed on the earth 
or ehcwhere. Or we might ftill more generally, 
from the laws of motion aflumed as firft principles, 
deduce the confequerices that would arife from the 
motions of bodies in circumftances fuch ^s the 
heavenly bodies are known to be placed in.^ .By 
thefe methods the fcience would be moft expedi- 
tioufly taught j and even fuppofing the firft prin- 
ciples to be merely affumed at hazard, or gratui- 
toufly, yet their conftant agreement with the events 
that happen in nature might furnilh no inconfider- 
able prefumption of their truth. However, it is 
clear, that the knowledge on which the fynthetical 
reafoning is built, muft be cither affumed gratui- 
toufly, or obtained by analyfis. It is not eafy, nay, 
it is perhaps impoffible, to form any conception 
how a finite intelligence caft, to any advantage, 

make 
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^ make ule of firft principles taken without a pre- 
vious uie of the analytical method of dedudkion. 
Yet the whole hiftory of natural philofophy afFords 
numberlefs inftances of ment of real abilities who 
have indulged their vanity and indolence in de- 
ducing confcquences from principles entirely hy- 
pothetical, and often falfe. Far from wifliing to 
imitate thefe, we fhall not afilime, even eftabliflied 
truths, without giving their proofs where they can 
be explained with that degree of facility which our 
intcndon demands. Inilead, therefore, of deducing 
the apparent phenomena from the real motions of 

- the heavenly bodies, it is prefumed that it will be- 
iriuch more interefting, though radier more prolix, 
to note, the obvious appearances, and thence ' infer 
their caufcs. Thcfc inferences have been the con- 
fequcnce of the obfcrvatiort and ftudy of feveral 
of the moll difl;inguiQied men of genius in the 
courfe of many ages. The truth has been acquired 
by flow degrees, and indireft methods. It has of- 
ten been obfcured by the admixture of error. Its 
progrcfs has been retarded by the operation of pre- 
judice, and the pride of falfe fcicncc. When difco- 
veries are completed, it is eafy to trace the moft 
dir^6l fteps by which they might have been made, 
though it has fcarcely ever happened that the dif- 
covcrers proceeded by thofe fteps. Let us there- 
fore pafs over in file nee the various and intricate 
fchemes made ufe of to folve the celeftial ap- 
pearances before the ancient fyftem of the world 

H 4 was 
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was revived by Copernicus *, and fincc cftablifhcd 
for ever by -the immortal Newton. Let us ima- 
gine ourfelves in tfie open air bufied in the con- 
templation of the phehmnena that occur in the hea- 
vens, and while we note the fa(5bs, and make plain 
deductions from them, we (hall be infcnfibly led 
to the knowledge of the ' beautiful regularity and 
order which prevail through the immenfe regions o{ 
fpace, and evince the intelligence and power of the 
Firft Caufe. 

The firft and moft obvious phenomenon that 
prcfcnts itfelf to obfervation, is the apparent diur- 
nal motion of the vifible fphcre of the heavens ; by 
which the fun, moon, and ftars are feen to rife and 
fet. This motion is obferved to be fubjedb to fcem- 
ing irregularities. If its period be cftimatcd from 
lun-rife to fun-rife, a little time fliews, that the fun 
does not always rife at the fame point, nor remain 
above the horizon fo long in winter as in fummcr. 
The moon is ft ill lefs adapted to the purpofe of de- 
termining this period, its variations being in every 
refpeft more confpicuous. The ftars remain, which 
appear indeed to rife, and fet^ regularly, but yet in 
a period Ihorter than the natural dayj for thofc 

• A. D. 1 543, the year of his death. After fuppreffing hit 
book, " de Revolutionibus orbiupi teleftium/' for more than 
thirty-fix years, it was at length publifiied, and a copy 
brought him a few hours before his death. Gafiendus in 
vita Copcrnici, See alfo Sir John Pringle's elegant *' Dif* 
courfe on the Attra£lion of Mountain^/' 

ftarib 
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ftars, which at a certain time of the year are feen 
to rife at midnight, arc found to make their ap«- 
pe^rance early in the evening, after the ijpace of 
three months is elapfed. It is therefpre to be dc« 
termined which of thofe motions ought to be re- 
garded as the motion of the heavens; and it is 
much more obvious and intelhgible, to fuppofe^ 
that the fun, by a relative motion ' to the eaftward 
with refpeA to the fixed ilars, ffiould make the 
days fomewhat longer than the real time of a re- 
volution, than that all the (tars, while they pre- 
lerve their mutual diftances unaltered, fhould con- 
ftantly move with a velocity greater than that of 
the fuppofed celeftlal fphere. To determine this 
relative path of the fun is not difficult. By the 
fhadow of a perpendicular ftafF or other equivalent 
inftrument at mid-day, its varying declination to- 
wards the north or fouth may be known, and the 
advance in the riling of the ftars will mark its dif- 
ference hi right afcenfion. By this, or fome fuch 
method, it may be difcovercd, that while the fixed 
ftars rife and fet, each on its proper points of bear- 
ing or pofition, without varying their relative fitua- 
tions ; the fun, by dcfcribing annually a circle to- 
wards the eafl, inclined to the direftion of its 
daily courfe in an angle of 23 '- * degrees, mufl 
occafion all the difference of feafons, length of 
days, &c. ' 

* Every circle is fuppofed to be divided into 360 parts, 
which are called degrees. 

In 



I06 C£L£STIAL PHENOMENA. ^ 

B Jn noting thefe appearances, it is natural to felef): 
the brighteft ftars as objcfts of our attention. The 
planetary bodies will on this account be the earl/ 
objefts of o\jr notice. The planet Venus^efpeci- 
ally, receding from the fun to the eaftward, will 
appear as an evening ftar in the weft after funfet; 
and afterwards will difappear on its re-approach to 
it, and be feen at a nearly equal diftance to the 
weftward, and rifmg before the fun, become a 
morning ftar. The flownefs of its apparent motion 
near its greateft elongation or angular diftance from 
the fun, (hews that it is moved in an orbit, near 
' the center of which the fun is placed; and the fliort 
time employed in paffing from its greateft elonga- 
tion eaftward to its greateft. elongation weftward, 
when compared with the time of its courfe between 
the fame elongations in the contrary direftion, (hews 
that its revolution is niade from weft to eaft. 
The proportion between its diftance from the fun, 
and that of the fun from the earth, niay^e found 
from the quantity of its greateft elongation. 

c To illuftratc this, let s (fig. 44) reprefent the 
fun, E the earth, i m k n the orbit of Venus, c so 
part of the ecliptic, or fun's apparent annual path 
in the heavens. Then to a fpc6tator at e, fituated 
nearly in the plane of the planet's orbit, the planet 
when at b will be referred to the point b in the 
ecliptic; and when By its abfolute motion in its 
orbit, it has defcribed the arc b u, it will appear 
to have defcribed the arc b Dr When at u, it will 
appear ftationary at d, and after a litde time begin 

to 
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to move back from d to b : for after dcfcribing 
the arc u j, it will again be feen at b. Continuing 
its courfe, it will arrive at v, having apparently 
t>afled through the arc be. At v *it will again 
become ftationary and afterwards move to o, r, a, 
&c. which will be reprefcnted by their correfpondr 
ing points in the ecliptic. Now, fince the motion, 
as feen from the earth, is that which appears in the 
ecliptic, and fince the apparent motion from b to 
D may as well be" produced by a real motion from j 
to u as by one from b to u, it remains to be determin- 
ed in what direftion the real motion is made by which 
the apparent motion is produced. Now, b^caufe 
£ c and E D are tangents to the orbit, the points d 
and c, which correspond with the pofitions u and v, 
arc thofe of its greateft elongations 5 a|id bccaufe 
the arc u v, which is paffcd over in the inferior part 
of the orbit between the two greateft elongations, is 
lefs than the fuperior arc v a b u, which is pafled 
over between the fame elongations, it is plain, that 
when the planet is in the inferior part of the orbit, 
the fpacc c d will be performed in lefs time than 
when it is in the fuperior part. It is alfo evident, 
when the planet moves rn the fuperior part of its 
orbit, that the 'apparent motion in the eelipuc has 
the fame direftten as the real motion. Therefore, 
fince we* have a criterion to diftinguilh the mo- 
tion in the fuperior from that in the inferior part, 
we, can eafily determine the dire£iion of the mo- 
tion in its orbit, which is proved to be from weft 
toeaft. 

The 
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X The diftance of Venus from the Sun, in propor- 
tion of that of the Sun from the earth, is deter- 
mined from its greateft elongation : thus draw the 
line ir s, which will be at right angles to the tangent 
V E ; then in the right angled triangle v e s, by the 
rules of plain trigonometry. 

As radius 

Is to the fine of the angle of greateft elon- 
gation V E s. 
So is the Sun's diftance from the earth e s. 
To the diftance of Venus from the Sun v s. 
F By fimilar obfervations on the planet Mercury, it 
is determined that its revolutions are performed 
round the fun in the fame manner, becaufe they are 
accompanied with circumftances of the fame nature 
as appear in the motion of Venus. 



/ t 
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C H A P. II: 

OF THE. FIGURE AND MOTION OF THE EARTH. 

We have not yet confidered the cffedts which 
the fun's annual motion in the ecliptic has upon 
the apparent motions of the planets, though it 

is very confiderable : neither have we determined 

» 

whether this apparent annual motion be the confe- 
quence of a real motion of the fun about the earthy 
or of the earth round the fun. The celeftial phe- 
nomena may be explained either way, but in a much 
more fimple and intelligible manner by the latter 
fuppofition. We (hall therefore preyioufly give an 
account of the fio;ure of the earth, and the reafons 
on which the fuppofition of its motion is founded 
The proof will come more properly when we treat 
of the phyfical caufes of thefc motions. ' At prcfent 
we only defcribe appearances, and draw plain infe- 
rences from them. 

The purpofes of aftronomy require that the fixed g 
ftars fliould be claflcd into conftellations. When 
their relative fituations are known, it muft fooq be 
perceived, that their diurnal revolutions are per- 
formed round an axis, obliquely fituated with refpeft 
to the horizon, or circle that bounds our view ; one 
of its extremities or poles being above the horizon , 
to the * north, and the other as far below it to the 

* In this elu.cidaiion the obferver is fuppoftd to be in -north 
latitude. 

fouth, 
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foutbj and confequently invifible. By travelling to 
the northward^ the north pole is obferved to become 
more elevated, and that exaftly in proportion to the 
Ipace travelled over; from which circymftance it 
foUows, that the earth is round or fpherical. 
H For, let I B E (fig. 45) reprefent a plain feftion of 
the earth at right angles to itsfurface; ilet a b repre- 
fent the plumb line or perpendicular, and b p the line 
of direftion, in which thef * pole ftar is fcen ; the 
angle a b p will then be the complement of the 
altitude of the ftar : let the fame ftar be feen from 
another point £ in-the line of direftion e q^ which, 
by reafon of the great diftance of the, ftar, may be 
cfteemed parallel to b p ; the angle d e Q^will then be 
equal to the angle abp, or complement of the former 
altitude at b. From e draw the plumb line or per- 
pendicular E F ; the angle d e f will then be the dif- 
ference between the two co-altitudes abp, f e cl» or 
between the two altitudes ; but this difference is 
equal to the angle b c e, formed between the plumb 
lines, andns proportional to the arc or diftance b e f. , 

Now, 

* There is no ftar fituated at the pole. The ftar a in Urfa 
Minor, which is called the pol^ ftar, is about z\ degrees 
diilant from it. 

t Let the part h n of the line o p (fig. 46) be comprc- . 
hended between the perpendiculars ah, f n, which, if conti- 
nued, meetat c. Conceive h n to be divided into an indefi-* 
nite number of equal parts, by means of perpendic.lars 
B I, c K, &c. feverally prolonged till they meet. Then in the 
triangle hcj, the fides, h g» i c, are equal, becaufe oppofed ^ 
to'et^ual angles at h and 1 : and for a like reafon^ in the tri- 
angle 
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Now, if the angle formed between two perpendi- 
culars, to a given line be always in proportion to 
that part of the line comprehended between the 
^perpendiculars! the line itfclf is circular : and that 
folid, whofe feftions, paffing through two oppofite 
points, are all circles, is itfclf a fphcre. 

Hence, if the length of the arc b e be meafured, i 
and jts quantity in degrees known by obfervation 
on a ftar, the length of the whole circumference of 
the earth may be found by this proportion. As 
the quantity of degrees is to the length meafured, 
fo is the whole circumference, or 360 degrees to 
its length. N 

The modern circumnavigation likewife proves k 
the fphericity of the earth i for, by failing continu* 
ally eaftward, or continually weftward, veffels arrive 
again at the port from whence their firft departure 
was taken. 

Alfo, in an eclipfe of the moon, the Ihadow l 
of the earth is always projcfted in a circular form. 
Now, it is evident, that the body, whofe fhadow 
is jn all portions' a circle, muft itfelf be a globe. 

UnfurniQied with thofe proofs, which the laga- m 
city and more accurate qbfervations of later ' 

angle i g k« the fides 10/ gk. are equal. The fame prccefs of 
argumentation will extend to prove, that all the foaall tri- ' 
angles between h and n are ifofcelesy having a common vertex 
at G ; that i^to fay, there is no definite part of h n from which 
a right line can be drawn to the point c, either greater or ^ 
lefs than h g : h n is therefore a curve, having fuch a relation 
to a certain point, that all right lines drawn from it to that 
point are equal; or it is circular. Which was to be fliewn,* 
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ages have afforded^ the ancients could not adduce 
« thofe reafbns for the earth's motion^ that depend on 
the general laws of motion^ and the nature of 
gravity. Without doubt they had recourfe to thofc, 
which depend on the moral fitncfs of things. They 
were perfuaded that the Wifdom of the Creator had 
fornied every thing in the beft manner poffible, and 
therefore^ that when an effed could be as well 
produced by fimple as by complicated caufesj the 
obferver of nature ought to attribute it to the for- 
mer. They faw the two planets, Me/cqry and Ve- 
nus, revolving round the fun in orbits, whole radii 
are lefs than the diftance between the fun and the 
earth; the. fuperior planets, Mars, Jupiter, and 
Saturn, were alfo obferved to move in orbits 
about the fun, but at greater diftances than that be- 
tween the fun and earth. If the fun were fuppofed 
to move.abfolutely in the ecliptic or its apparent 
path, it muft carry the orbits of thefe bodies along 
with it, and confequently their abfolute motions 
muft be very complicated -, but if the earth be fup- 
pofed to defcribe an orbit round the fun, between 
Venus and Mars, the abfolute motions become 
fimple and natural, and an admirable uniformity 
prevails throughout the fyftem. 
N The annyal motion of the earth being allowed on 
this principle, its diurnal motion would follow by 
the fame argument; it^being much more rcafonablc 
and confiftent to fuppofe, that the earth, by a daily 
revolution on its own axis from weft to eaft^ (houki 
occafion the apparent motion of the celeftial bodies» 

than 
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than that thofe bodies fhoqld, befidcs dieir othfcr 
various motiqnsy have that aftonifhing velocity 
which a real diurnal motion would produce. The 
objedions common obfervers might make would be 
eafity difproved by men whofe penetration was 
capable of going thus far. From the obfervations 
by which the ij^ericaf form of the earth was dtico« 
vered, they would alio gather, that bodies fell not 
abfblutely down, or in a diredion referable to 
pure Ipacc;, at was imagined, but always in a line 
direded towards the center of the earth, and con- 
(equendy that no danger of bodies falling off would 
arife from its continual change of polition. The 
inftances of (hips carried by the tides in calm 
weather would likcwife fcrvc to (hew, that the 
ftlative motions or pofidons of "bodies arc not 
changed by an equal velocity given to them in the 
lame parallel dire£tion. 




CHAP. III. 

\ 

OF THE MUTUAL APPEARANCES OP THE SUPERIOR 

AND INFERIOR PLANETS. 

That the planets Mars, Jupiter, and Saturn re- o 
volve in orbits, which include the orbit of the 
earth, is evident, becaufe they arc frequently fcen 
in the part of the ecliptic dircftly oppofite to the 
fun \ and that the orbits refpedt the fun as a center, 
api^ears as well from thofe oppofitiohs which happen 
in every part of the ecliptic, as from their unequable 

VoL.L ' I > apparent 
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apparent motiocss which are explained by referring 
them to that center. 

f Wc have conlidered the apparent motions of the 
inferior planets a$ far as relates to their (ituation 
with refpcft to the fun. The motion of the earth 
afieds thofe appearances^ to fpeak in general^ only 
by t)ro\onging the time they employ to return again 
to the fame fituation. 

<i^ The earth at e (fig. 44) is a fuperior planet with 
refpedl to Venus. A fpcdator on Venus at b would 
fee the earth e elongated from the fun under the 
angle e b s ; which angle of elongation^ would 
increafc by the motion of Venus in its orbit from 
B to Vy where it becomes a right, angle e u s. From 
J it would be feen in an angle of ftill greater elon- 
gation e J s, and from m it would be feen direftly in- 
oppofidon to the fun. Faffing from m to k, v, &c, 
the angle of elongadon would dccreafe till the arrival 
of Venus at n, whence the earth would be in con- 
junftion with the fun, and the angle of elongation 
would vanifli. This relative motion of the fupe- 
rior planet with refped to the fun is contrary to 
the order of the figns, or from eaft to weft, and 
depends entirely upon the motion of the inferior 
plaiiet on which the fpedlator is fuppofed to be 
placed. 

n If the earth e was at a diftance indefinitely great^ 
the lines be, u e, j e, &c. might be eftecmed 
parallel, arid confequently the fpeftator Would be- 
hold it always iu the fame point of the ecliptic, 
its fituauonwith regard to the fun being varied 

only 
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only by the apparent motion of the fun^ ocqifioned 
by the real motion of Venus. But as this is by no 
means the cafe^ an apparent ^motion of the earth 
among the figns of the ecliptic will be produced. 
Thus> the earth ■ viewed from n, will appear amor^ 
the fixed ftars at p } from b it will appear at r i. 
from u at p, where it will be ftationary* fo long as 
the orbit of Venus does not fenfibly differ from its . 
tangent; from j it will be feen returned back to r 
with a retrograde motion; from m at p ; from k at 
T; from v at q^, where it again becomes ftatio- 
nary; and from a it will be again feen at T, its 
motion having again become direft: whence we 
may obferve, that 

When a fuperior planet viewed from an inferior 8 ^ 
appears ftationary, the inferior planet viewed at 
the fame time from the fuperior is alfo ftationary ; 
and/ 

When the inferior planet viewed from the fupe- t 
rior moves apparenriy retrograde, or contrary to the 
order of the figns, the fuperior planet has alfo an 
apparently retrograde motion. 

But fince the earth has an annual motipn round u 
the fun in its orbit, ( no, m) we are therefore to dif- 
cover what part of the apparent motion of Venus is 
produced by that caufe. It is plain, that if the earth 
were at reft, and Venus feen at u, its greateft elon- 
^gadon, it would again be feen in the fame pofi- 
tion, after performing a complete revolution in its 
orbit. But while Venus is performing this revolu- 
tion, the earth is carried from e towards w, and fo 

I 2 forth. 
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forth. Therefore Venus rfiuft pafs between two 
fimilar dongations, not only a complete revolution, 
but likewife the whole angular fpace which the earth 
has performed in the fame time. Hence its perio- 
dical time may be found. For the time between 
two fimiliar pofitions is obferved to be 583 days, 
Nowi dividing the earth's orbit into 365 equal 
parts or days, the angular velocity of Venu§ will 
be denoted by the angular Ipace pafled over in thfe 
given time, namely, one revolution, or ^^^ days 
added to 583 days, equal to 9485 and the earth's 
angular velocity will be 583 • 
V The periodical times of Venus and the earth will 
be i^eciprocally as their angular velocities; confe- 
qucntty. 

As the angular velocity of Venus - 948 

Is to the angular velocity of the.earth 583 

So is the periodical time of the earth ^6^ 

To the periodical time of Venus - 2244- 

w Were it not for the fixed ftars, it would be 

impoffible to difcover or obferve the annual 

iliotion of the earth. We fhould conclude, that 

each planet made a complete revolution between 

any two fimilar fituations with refpedt to the fun, 

becaufe the fpaces of elongation are fimilarly de- 

fcribed, and are in quantity the fame, whether the 

earth be in motion or not. Thus, if the earth be 

fixed at. E, the fame apparent elongations will be 

made by Venus with any velocity whatfocver in 

its ofbit, but they will occur more frequently the 

greater the velocity. If a motion be given to the 

eartli 
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earth in the orbit ew, Vcrius will approach from 
V fo M, which is now in motion^ with a velocity 
equal to the difference between its angular velocity 
and that of sthe earth: or if the earth's angular 
velocity be greateft, it will apparently recede from 
M, and defcribe its revolutions in the contrary 
dir^dion to its real motion. Now^ as all. the ap- 
parent motion of Venus in elongation is known by 
its approach or recqis from the line s £, and fince 
any angular motion of s e can only change the re- 
lative velocity of Venus; and fince a change of 
velocity will not alter the elongations, except as 
to time, it is evident that we cannot determine 
whether b be at reft or no, from the appearances 
of the planets which revolve about the fun. It is 
then from the apparent motion of the fun, with re- 
fpeft to the fixed fliars, that we conclude that the 
earth defcribes an orbit, in about 365 days. 

If the fuperior planet e be at reft, the retrograde x 
iQOtion of the inferior planet u among the fixed 
ftars will be the fame as its motion in elongation, 
viz. the angle u e v. But if e move in the fame 
dire&ion as u, but angularly flower, the arc de- 
fcribed by the retrograde motion in the ecliptic 
will be Icfs than that dcfcribcd between the two- 
oppofite elongations. The fame is true of the re- 
trograde motion of the fuperior viewed from the 
inferior planet. 

For the motion of e towards w caufes an ap- y 
parent motion of the fun towards o. And as the 
retrograde motion of u ^ referred to the arc ds is 

I 3 flowcft 
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flowed near the elongations, it is plain that u will 
not become ftationary in the ecliptic till its appa- 
rent motion in elong^ttion from d towards s is 
equal to th^ fun*s apparent motion in the contrary 
diredion ; that is to fay, till fome time after paffing 
the greatcft elongation, fuppofe at d. After which its 
motion mufl: become retrograde till it arrives at if, 
equidiftant from its greateft elongation on the other 
fide, where it will again become (lationary, its appa- 
rent motion in elongation being equal and contrary 
to that of the fun in the ecliptic. No^ the angle 
H E d is lefs than the angle of retrograde motion in 
elongation c e d. And fince the angle i e q is equal 
to H £ D, it is alfo lefs than c e d. But thofe angles 
I e q and h e d are the meafure^ of the' retrograde 
motions of the fuperior and inferior planets, whea 
, viewed from each other. Whence the propofitioi^ 
is evident. * 

CHAP. IV. 

OF THE SUPERIOR PLANETS, AND OF THE TRIXI 

ft 

FORM OF THE PLANETARY ORBITS. 
\ 

The appearance of the earth when viewed fronv 
Venus being explained, it will be eafy to apply that 
explanation to the apparent motions of the fuperior 
planets. Of the two inferior planets Venus fcryed 
us as an inftancci and of the three fupefior ones we 
ftiall fcledl Jupiter, as being the moft bright and 
confpicuous. The motions of this planet being 
accounted for, fimilar obfervations and fimilar rea- 
ibning will obvioufly folve thofe pf the oth^r pla^ 
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netsf) whofe' particular phenomena will notj there- 
forej recjuire a more minute elucidation. 

That the planet Jupiter revolves in an orbitj a 
which includes that of the earth, alid rcfpedb 
the fun as its center, was (hewn in the begin- 
ning of the laft chapter j and its apparent mo- 
tions are obfervcd to be fimilar to thofe which it 
was proved the earth would have when feen from 
Venus* It remains to difcovcr. its periodical time 
^d diftance from the fun. 

Let s ( fig, 47 ) reprefcnt the fun, e the earth, j: 
f Jupiter, the circle e e a the earth's orbit, and 
the circle t b j the orbit of Jupiter. Suppofe Ju- 
piter to be in oppofition to the fun. The earth 
revolving in its orbit will, in the fpace of 365 
days, arrive again at e, but the oppofition will not 
then happen, becaufe Jupiter in the mean time will 
have moved in its orbit towards j. The earth muft 
therefore pais through the arc e e or 33^ days be- 
fore it overtakes it. Confequently, the angular 
velocity of Jupiter will be denoted by 23h ^^d 
that of the earth by one whole revolution, (or 365) 
added to 23^, equal to 3984. But as the pc- • 
riodical times are reciprocally as the angular velo- 
cities, it will be 

^ As the angular velocity of Jupiter 33^ 

is to the angular velocity of the earth ^ 398-I- 
3o is the periodical time of the earth 365 days 

• To the pieriodical time of Jupiter 4340 days. 

V Smaller fradlions being reje&ed, the periodical times are 
|)ot h^re exaA. 

I 4 The 



lao SUPERIOR PLANETS. ^ 

c The periodical time of Jupiter being thus ob- 
tained, it will be cafy to determine its * heliocen- 
tric place at any time before or after the oppofition, 
and the proportion of its diftance from the fun to 
that of the earth from the fun being known, f it9 
geocentric place may likewife, at any time, be difr 
covered. Its proportional diftance is thus found. 

D The figure as before. Suppofe. the earth to 
have moved from e to c, in a given time. From 
the time may be found the quantity of the angle 
E s c ; and in the Tame time Jupiter will have moved 
to B, the angle j s b being alfo known from i£s 
proportion to his whole periodical revolution. 
Subtrafb the angle j s b from th<; angle jsc, and 
the jemainder will bie the angle b s q. By obfer- 
vation find the angle b c s, or Jupiter's eiongadon 
from the fun. In the triangle c 6 s, the fum of the 
two angles b c s and b s c being taken from 1 80 
degrees, leaves the angle c b s. Then, by plaR? 
trigonometry, 

£. As the fine of the angle of the earth's 

elongation, when viewed from Jupiter c 9 3 

Is to the fine jof the angle of Jupiter's 

elongation, when viewed from th? earth B c s 

So is jthe earth's diftance from the fun c 9 

To Jupiter's diftance from the fun \ s 

F The angle^of the earth's elongation, when viewed 
from Jupiter, is called Jupiter's annual parallax^ 



* Viewed from the fun as a centei:. 
-j* Viewed froip the earth as % center. 
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and is always equal to the difference between its 
heliocentric and geocentric place in the ecliptic, sis 
a little confideration will (hew. 

By fimilar obfervations on the other fupcrior o 
planets, it is found that their apparent amotions 
are aftendcd with . circumftances of th^ fame 
nature as thofe of Jupiter. The fame confe- 
quences muft therefore follow refpefting. their or- 
bits, periods, and other affedions. 

Thus far we have fpoken of the appearances of h 
the planets, as if their revolutions were performed 
in circular orbits, in the center of which the fun 
was fuppofed to be placed. But this is not the 
cafe. Conjundions, oppoficions, . Qmilar elonga- 
tions, or other mutual fituations of the planets, do 
not return again in ex^dly the fame time, and their 
diftances from the iun are found to be greater or 
lefs in different parts of their orbits, their angular 
velocities being always greater when the diftances 
are lefs. Thus, by the increafed diameter of the i 
fun during the winter half-year, we find that the 
earth's diftance is diminifhed ; and that its velo- 
city is increafed, is evinced from the apparent mo- 
tion of the fun, by which it pafles through the 
winter half-circle, of the ecliptic in near eight 
days lefs than it employs to defcribc the fummer- 
half. By a variety of obfervations of elongation or 
parallax, the relative or proportional diftances of 
the planets from the fun, and their velocities, are 
found for every heliocentric pofition. Whence k 
flfcy arc proved to revolve in^cllipdca| orbits, the 

fun 
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fun being placed in one of the foci; and ^ their ve- 
locities are fuch, that a radius drawn from the fun 
to the planet, ^nd'fuppofed to move with it, dc- 
. icribes equal areas in equal times. 

t The diftance between the center s (fig. 41)' 
and one of the foci c o^ an elliptical orbit, i^ 
called its eccentricity. The two extreme points 
of the tranfvcrfe or longeft diameter, l and u, arc 
called^ the apfides. If the focus about which the 
equal areas arc^ defcribed be at c, the point l 
neareft that focus is called the lower apfis, and u 
is called the upper apfis -, the diameter u l being 
called the line of the apfides. But it is more 
common to fay, that as planet is in its perihe? 
Hum when at £> alnd in its aphelium when at u. 
When the earth is in its perihelium, the fun isf' 
faid to be in its perigee, and when the earth is in 
its aphelium, the fun is faid to be in its apogee. 

M From the generation of the cllipfis (97, t) it is 
evident, that the whole length of the ftring is 
equal to the tranfverfe diameter: becaufe, when 
the point a is at u, the return of the ftring from 
u to the neareft focus c, is exadly equal to the 
part between l and the other focus c, where tJicre 
is no ftring. Let gh be the conjugate, or fhorteft^ 
diameter of the ellipfis, and cg will be equal to 
half the ftring, ' or half the tranfverfe diameter. 
Suppofe now a planet to revolve in the ellipfis 
about the focus c neareft l. Then cl will be 

' its neareft diftance, cu its greateft diftance, an<^' 
cG its mean diftance. For, cg equal to si, ex- 

ceeds 
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ceeds the leaft diftance cl by the quantity cs, 
which is juft as much as it falls fhort of cu, the 
grcatcft diftance. If therefore the meap diftance 
CG, and the eccentricity cs, of a planet be given, 
its orbit nfay be defcribcd; becaufe the grcateft 
jdiftance is equal to the fum of the eccentricity 
and the mean diftance;' and the leaft diftance is 
f qual to their difference. 

The eccentricities of the planets are fo fmall, n 
that their orbits approach nearly to circles. 

If the plane of the earth's orbit were extended o 
indefinitely . every way, it would mark that circle 
in the heavens which is called the ecliptic, or fun's 
path. If the orbit of any other planet be fituatcd 
in thi$ plane, it will always be feen in the ecliptic, 
whether viewed from jhe earth or the fun. But 
if the plane of the planet's orbit be obliquely 
fituated with refpeft to that of the ecliptic, it will 
interfeA it in a line palling through the center of 
the fun,' and the planet will never be feen in the 
ecliptic but when in the points of interfcAion. 
Thefe oppofite points of the ecliptic arc called the 
pedes, and the line of interfc6^ion is called the 
line of the nodes. When a planet crofles the 
ecliptic from fouth to north, the node is termed 
the afcending node; and when it croffcs from, 
porth to the fouthward, the node is termed the. dc- 
fcending node. 

The orbits of all the planets are inclined to the p 
^jiptic in fmall angles. 

C HA P, 
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C H A, P. V. 

OF THE AFFECTIONS OF THE PLANETS. 

By fuppofing ourfelves in the place of one of 
the ancients who difcovered the order of the pla- 
netary fyftem, we have difplayed in a curfory man- 
ner feme of the moft obvious phenomena, and 
pointed out their natural confcquences. What has 
been faid is fufficient to (hew to thofe who are totally 
unacquainted with the fubjcft, that the do6trinc 
of a fyflem of bodies revolving round the fun is 
not merely ideal, but founded on the moft na- 
tural deduftion from the celeftial appearances. For 
the proceffes by which the planets places are de- 
termined in elliptical orbits, we refer the reader 
to treatifes written exprcfsly on the fubjedb,' 
and in the mean time proceed to note fcveral 
of thofe affeftions of the heavenly bodies, as de- 
termined by the accurate obfcrvations of modern 
times. ' 

Seven planets. Mercury, Venus, the Earth, 
Mars, Jupiter, Saturn, and the Georgium Si- 
dus?^, revolve about the fun in orbits included 
within each other, in the order here ufed in men- 
tioning their names. Mercury being neareft the 

* Tkis planet was difcovered in the year 1781, by Wil- 
liam Herfchel, £fq. a native of Hanover, 

Swn, 
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Sun. the(e are called primary planets ; beGdes 
which, there are fourteen which are called vfccondary 
planets. Moons, or Satellites. The fecoodary 
planets refptft the primary planets performing 
their revolutions about them, but are at the fame 
time carried round the fun in the orbit of the pri- 
mary. Saturn is attended by feven Moons, Jupiter 
by four, the Georgium Sidus by two, and the Earth 
by one j all which* except the laft, are ipvifiblc 
to us, by reafon of their fmallnefs and didance, 
unlefs telefcopes be made ufe of. Without this 
inltrupient, it would likewife be impofllble to af- 
certain the apparent diameters of any of the celeftial 
bodies, the Sun and Moon excepted. The following 
table exhibits fome of the afFedions of the primary 
planets* 



Anno 



iiB 



TABLE OP THE 



Adho 17S4« 



MxiCUSY. 



Vxvirs. 



Greateft poffible clon-^ 
gation of' iaferior L 
and parallax of fy- T 
perior planets^ - ^ 



Proportional mean di- 
ftances from the 
fun. 



} 



Periodical revolutions. 



Diurnal rotations, ' • • 



Inclinations of theirl 
orbits to the eclip- > 
tic, - - J 



Eccehtricities, 



Place of the afcending 7 
node, . . ^ 



o -,^' 



28*'.2o' 



38710 



87d. ji3h. isim. 



o .0/ 



47°. 4« 



72333 



224 d. i6h. 49jm. 



Unknown. 



7 'OO 



7960 



I f. I5deg. 46|ra. 



Place of the aphelium, 8 f. 14 d. 13 m. 



Proportion of axis to 
the equatorial 
meter, 



is to 7 
dia-S- 



Greateft apparent dia- 
meters. 



} 



Eaxtb: 



♦ » 



I 00000 



365 d. 6h. pjm. 



23 h. 22 m. p 3 h. 56 m. 0,4 f. 



3^-23 f 



510 



2 r. 14 d. 44 m. 



Unknown, 



II 



// 



10 f. pd. 38 m. 



Unknown. 



* * * 



6180 



* * * 



9 f. 9d. i5|m. 



2289 to 2300 



Diameters, if feen at 



^he fun*s mean dif- 



tance, or propor 
tionai diamlfters. 






Diameters in geogra--\ 
phical miles J that I 
of the fun being j 
762490, . - ^ 



./' 



58" 



18". 7 



•Jf- 



n". J 



Mean diftanccs from "J 
the fun in femidia- > 
meters of the earth, J 



Mean diftances from! 
the fun in g'*ogra- > 
phical miles, - 3 



Proportions of light, - 



2782 



9210 



3 I 67 1900 



668 



6637 



17210 



591 81700 



<587S{ 



23799 



81 81 8400 



191 j 



J 00 
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Mars. 


JUPITIl. 


Saturn. 


GCORGIVM SiDVSy 
1782. 


47^24' 


II*. 51' 


6°. 29' 


3". 4i' 


152369 


520098 


953937 


• 

1903421 


6S6d, 23h. 3Q^in. 


4332 d. 8h. 5i|m. 


1 076 1 d. i4h. 36}m. 

1 


30445 d. i8h. . 


24h. 39 m. 22 f. 


9 h. 56 m. 


I oh* 1 6 m. 0,4 f. 


Unkjiown. 


• 


I-- «95' 


»•• soi' 


4^' la" 


14218 ' 


35177 


* 


4759 


iCi7 ^•59 ™* 


3 f. 8 d. 50. m. 


3f. 2id. 48}iii. 


3£ 13 d. im. 


5 £ 2 d. 6} ID. 


6 f. 10 d. 57 { m. 


9f. od. 4sinfi. 


II f. 23d. 23 m> 


127210^355 


i3to 14 


10 to II 


■ 
Unknown. . 


ZS' 


46" 


. 20" 


4" 


. 9".«' 


«93". 7 


1 71". 7 


74". S 


3617 


76982 


68238 

1 


34217 


36262 


1*3778 


227028 


453000 


124666000 


42553^000 


780395100 


1557350000 


43 


1 

3-7 . 


1. 1 


0.276 
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C H A P. VL 

OP PARALLAXES^ AND OP THE TRANSIT OF ▼£NUS« 

One of the moft ufual methods of meafuring 
inacccflSble diftancesi is by means of two ftsitioiis 
whofe diftance from each other is known^ and the 
angles formed at each ftacion between lines fup> 
pofed to be drawn from the diftant objeft to them, 
and the line that joins the ftations to each other. 
Thus the diftance between a And b (fig. 4S) being 
known^ as likewife the angles cab and c b a> the 
diilance a c or b c may be readily found by phnc" 
trigonometry. 

Suppofe the objeft. c, when viewed from b, 

(fig, 48) to coincide with another objefts, which 

is at a diftance indefinitely greats thVn the obje£b 

c will not appear to coincide with s, when viewed 

from A. For s, on account of its great diftance, 

will be feen in the line as^ parallel to bsj and c 

will be feen in the line a c, the angle sac being 

the difference between, the apparent places from 

A and B. ^ This angle, becaufe of the parallels as 

and B s, will be always equal to the angle a c b, 

and is by aftronomers called the parallax. It is 

ufually diftinguilhed by< Ibme appdlation relative 

to the nature of the * line a b : for inftance, it is 

called the annual parallax, when . a b is the radius 

of the annual orbit; the diurnal parallax, when 

A b is the femidiameter of the earth, &c* 

It 
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tt is icarcely neceflary to obferve^ that the longer v 
the lifle a b is in proportion to the diftance of c^ the 
greater the angle a c b, and that in moft pradkical 
cafes, the greater the angle the lefs is the diftance \ 

affe&ed by any fmall error. It is therefore requi-* 
lite that the bafe a b be as large aspoffible or con- 
venient 

The diftances of the planets were found by tri« v 
gonometry, the diftance of the earth from the fun 
being aftumed as a bafe. But as that bafe cannot 
aftually be meafured, the diftances are only pro- 
portional or relative, the bafe being fuppofed to be 
divided into looooo equal parts i but whether 
thofe parts be miles, leagues, or anfwer to any 
other denomination of length, was not determined. 
The real diftances muft be difcovered by a paral- 
lax whofe bafe is known. 

The diameter of the earth is in general ufed as w 
the bafe for determining the diftances of celeftial 
objects by their parallax, which parallax is found 
as follows. 

Let A OB (%. 49) reprefent the earth, c its cen- x 
tcr, and z the zenith or point in the heavens, fituatcd 
perpendicularly over the point o at its furface. Then 
c H will be the rational horizon^ and ok the fenfible 
horizpn. Suppofe a fpcftator at c vie^vs a celeftial 
objcft at z, the revolution of the earth will caufe 
It to move apparently through the quadrant z h in 
fix hours, at the end of which time he will fee it in 
the horizon at h. But to a fpedtator at o it will ap- 
'Vol. !• jC - pear 
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pear in the horizon when at k^ after palling through 
the'apparant quadrant or right angle z o k^ in a time 
as much Itfs than fix hours as the arc z k is lefs than 
2 H, or 90 degrees. Hente the time of an objeft's 
pafling between the zenith and fenfiblc horizon 
being known, the angle o k c, or horizontal paral- 
lax may be found. For, as. fix hou>s is to 90 de- 
grees, fd is the time obferved, to the arc z k, which 
being taken from 90 degrees, leaves the arc k m 
meafuring the angle k c h, which is equal to ok Cj 
or the horizontal parallax. 

^The horizontal parallax being difcovered, the 
diftance of the objeft follows by this analogy ; in 
the triangle o k c. 

As the horizontal p^^fallax, fine - - o k c 
Is to the earth's femidiameter - - - o c 
So is radius - - - fine - 90^ 

To the diftance - - - - c k 

The fixed ftars have no parallax, either hori- 
zontal or even annual, whence it follows, that their 
diftances are beyond all comparifon greater than 
that of the earth* from' the fun. 

It is obvioufly unnecefiary in obfervations of pa- 
rallax toy wait till the objeft has defcribed the whole 
apparant quadrant z k (fig. 49) : foV, when it is 
arrived at e, the angle z c e may be known from 
the time, and z o e from' obfervation, and their 
difference will be the angle of parallax o e c : fo 
that in the triangle o e c are given two angles, and 
the fide 0, from whence the other parts are eafily' 

found. 

Obfer- 
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Obfervations of parallax are conveniently made b 
by the help of the fixed ftars. Thus, if the objedt 
B when at 2 be feen in a given pofition with rcfpcft 
to a fixed (lar> it will condnue to have the fame 
pofition when arrived at e, provided the fpedator 
be at c ; but if the fpeftator be at o it will be fcfcn 
depreflcd below its former pofition by the quantity 
of the parallax doe, bccaufe the ftar has no parallax^ 
but is feen in the fame apparent place either from q 
or c. 

. The Sun's parallax is fo exceedingly fmall, that c 
the bed infiiruments in the hands of the moft (kilful* 
obfervers, have fcarcely affeded more than to (hey 
that it has one* To remedy thii, . the horizontal d 
parallaxes of the nearer planets have been attempted, 
particularly of Mars, when in oppofition to the Sun^ 
this planet being then as near again to the Earth 
as the Sun is, and has therefore a parallax twice as 
great. But as this parallax is not found to exceed 
half a piinute of a degree, the unavoidable uncer- 
tainty of obfcrvation, and other caufes, render it 
not fufficiendy exaft to determine the Sun's diftance 
within a 30th part of the whole. It eafy to com- 
prehend how the Sun's diftance may be found when 
the diftance of Mars, from the Earth, in oppofition, 
is known. Thus, if s (fig. 50) be the Sun, £ ^ 
the Earth, and m Mars, in oppofition, then e m 
will be- the diftance of Mars from the "Earthy and* 
,alfo the difference between m sand 1 s, or the rc- 
fpeftive diftances of Mars and th« Earth from the 

K a Sun. 
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Strn. The proportibnaldiftanccs arc known. There- 
fore, 

As the difference between the proportional dif- 
tances of Mars and the Earth from the Sun, 

Is to the proportional diilance of the Earth from 
the Sun ; 

So is the diftance between the Earth and Mars in 
oppoficion, or th^ difference between their 
real diftances from the Sun, 

To the Earth's real diftance from the Sun. • 

Several other methods were deviled by the an- 
cients for difcovering the Son's parallax, wbich» 
though they ihew the fagacity and penetration of 
their inventors, are lefs fufficient for the purpole 
than the foregoing. We (hall therefore omit men- 
tioning them, ahd give a (hort explanation of that 
for which we are indebted to th^ great Dr. Hal- 
ley, by which the diftance of the Sun is determined 
with greater accuracy than by any other method. 

The planet Venus, as has been ihewn, paffed 
the Sun twice in revolving from any pofition of 
elongation to the fame pofition again (105, c). 
At thofe times this«planet is faid to be in conjunc- 
tion with the Sun. 

When the planet Venus is fituated in a line be- 
tween the Sun and the Earth, it is faid to be in 
its inferior conjunftion i and when it is in the oppo- 
fite part of its orbit, the Sun being in a line between 
it and the Earth, it is faid to be in its fuperior 
conjunftion. If the orbits of the Earth and Venus 

were 
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were in the fame plane> it is evident that Venus 
would pa(s behind the Sun with a diredl motion 
every fuperior conjun£tion> and would pafs over 
Its * difc, or before it, with a retrograde motion 
every inferior conjunction. But as Venus's orbit 
is ^inclined to the ecliptic in an angle of about 
2i degrees, this planet will, in general, pafs to the 
northward or fhuthward of the fun, and will only 
be vifible on its difc when the inferior conjunftion 
happens at or near one of the nodes. This hap- 
pens but once (or fometimes twice at an interval 
of about 8 years) in more than 120 years. 
. To (hew^ how this tranfit is applied to the pur- h 
pofe of finding the Sun's diftance, we (hall pafe 
over thofe elements that enter into the computation 
previous or fubfequent to a£tual obfervation, and 
fhall only explain the general principles on which 
the method is founded. 

Let s (fig. 51) reprefent the Sun, £ the Earth, i 
V, u, w, the planet Venus in different pofitions, 
the arc L N a part of the Earth's orbit, and the arc 
o M a part of the orbit of Venus. Then, bccaufc 
the angular velocities of Venifi and the Earth arc 
ki^own, as alfo their proportional diftances, it will 
be eafy to compute the time Venus will employ in 
paffing through the arc v w, which, when viewed 
from the Earth, is equal to the known diameter 
(or chord) of the Sun cdj the heliocentric value 
or length of the arc v w ftiay likcwife be readily , 
found, Suppofe then an obfervcr at a on the 

* Surface, 
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Earth's fur&ce to view the planet Venus at ^i it 
will appear juft entered within the Sun's difc at c^ 
and paifing in the arc v w^ will appear to defcribe 
the line CD, arriving at d at the end of the com- 
puted . time. But during this time the obicrver 
will> by the Earth's diurnal revolution, be carried 
from A towards p ; and arriving at p at the fame 
inftant that Venus arrives at u, will behold the. 
tranfit juft fini(hing at d : confequendy it will be 
of a duradon proportionally as much fhorter than 
the computed timci as the heliocentric arc v u is 
fhorter than v w. The arc v w is known by com- 
putation J therefore, fince Venus's motion may in 
very fmall arqs be reckoned uniform^ 

As the computed time 
Is to the computed arc v w. 
Sons the obferved dme 
To the arc - v u ; 

which being taken from v w, leaves the arc u w, 
. that fubtends the angle u d v. This laft angle is 
the parallax of the bafc a p i and the bafe a p is 
found by the analogy" 

As one day or Q4 hours • 
Is to the circumference of the earth (or paral- 
lel of latitude) 
So is the obferved rime 
To the arc a p, whofe chord is the bale. 

k" But becaufc the'minuteft errors in a bufinefs of 
this nature are of very great confequence, and be-* 

caufc 
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caufe the length of the arc v w, depending on the 
' Sun's diameter, can fcarcely be obtained by calcula* 
tion to that extreme degree of exadnefs which is 
requifite> it is advifeable to take another obfervation 
on a place fo fituated on the earth, that the obferver 
being carried in a dire6tion apparently contrary to 
the former^ the errors may counteraft each other. 

Let the reprefcntations be as in the laft figure, l 
If the fun have declination at the time of the 
tranfit, b (fig. 52t) will reprefcnt the pole towards 
which the fun'dealines. The obferver at a, if at 
reft, would behold the tranfit during the time 
Venus paffes from v to w, but being by the Earth's 
diurnal revolution carried from a through the arc 
A £ p to p, and arriving at p at the inftant in which 
Venus arrives at u, he will perceive the tranfit 
juft finilhing at d ; confequently its duration will 
be as much longer than the computed- time as the 
heliocentric arc v u is longer than v w. v u being 
found by the before mentipned analogy, the dif- 
ference between v u and v w is w u, or the parallax 
of A p, as before. 

Now, in tjiefe two cafes,, a fimilar error will m 
have a contrary efFcft in the firfl to that which if 
has in the latter. For if by any error the com- 
puted arc v w (fig, 5 1 ) , be taken too large, the 
arc y w, and confequently the parallax, will come 
out too great. But in the latter obfervation, if the 
computed arc vw (fig. 52) be taken too large, 
• the- arc wu, and confequently the parallax, will ^ 
come out too littler Therefore the mean between 

K 4 twp 
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two fuch obfervations will be much more ^ to be 
depended on than either iingly. 
N By obfervations on the tranfits of Venus over 
the Sun in the years 176 1 and 1769, the Sun's 
f mean parallax was found to be 8 1- feconds, and 
hence the Sun's diftance is deduced to be very near 
1 1900 diameters of the Earth, or 8181^400^ geo« 
graphical miles. 

The lall three articles in Chap. V. concerning 
the affedions of the planfets are deduced from this 
diftance; for^ 

As the proportional diftance of the earth 

Is to its real diftance^ 

.So is the proportional diftance of any other 
planet 

To its real diftance, 

* A geographical mile is ^^ P^'^ of & degree of the e^« 
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CHAP. VII. 

OF THE SECONDARY PLANETS. 

The fecondary planets, as was before obferved^ o 
are ten in number* five of which defcribe orbits 
about the planet Saturn, four about Jupiter, and 
one accompanies the Earth* The fecondaries of 
Saturn and Jupiter are obferved by the telefcopc, 
and by their motions ih elongation to the eaftward 
or weftward of their pr/maries is obtained the 
knowledge of their diftances and periodical rimes, 
in the fame manner as has ,been already fli'ewn 
and explained in the planet Venus. Saturn 
is likewife attended by a phenomenon, which to 
us appears to 'be a large broad ring, of no vifible 
thicknefs* Its breadth is equal to its diftance from 
the body of the planet, and its diameter is to that 
of Saturn as 9 to 4. The mod probable conjec- 
ture iS| that it confifts of a vaft number of fatel- 
litcs, which revolve in, and Enlighten that region. 

Of the two moons of. the Georgium Sidus, the p 
periodical times: Firft, 8^ if^v^ \()*% Second, ij** 
,ih J" j^i^ Diftances: Firft, 33^1 ; Second, 44'' 23. 
—Of Saturn's feven moons, the periodical times: 
Firft, I** %\^ 19°*; Second, a'^ 17^ 41°*; Third, 4* 
13"* 47«»9 Fourth, 15* 22** 41"^^ Fifth, 79** 22^ 
41"; Sixth, I** 8** 53m 9«i Seventh, o^ aa^ 404". 
*— Diftances in fcmidiameters of the ring; Firft, 
ItV^t; Second, 2tVs Third, 3^?^; Fourth, Z^%^\ 
Fifth, 23-TV^i Sixth, 35/'o58 5 Seventh, 27.''366 
•^Of Jupiter's four moons, the periodical times: q^ 

Z Firft, 
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Firft, I'* 1 8**. 127"* 3f', Second, 3^ 13^" f3«4a»; 
Third, 7* 3^ 42" 33' ; Fourth, 16"* 16^ 32" 8\ DU 
ftanccs in femidiametdrs of Jupiter: Firft, 5-nj^; 
Second, 9tw^; Third, i4iw?r> Fourth, 25,2,^^ 
All the planets, both primary and iecondaryv 
receive their light from the Sun, This is evi- 
dent, becaufe that face only is enlightened which 
is turned towards that luminary, as may be more 
particularly feen in our Moc/n, a greater or lefs 
part of which is vifiblc, according to the pofition 
in which we lie for viewing the illuminated face. 
The fame varieties are feen in the planets Mars 
and Venus, not to mention the tranfitis of Venus and 
Mercury over the Sun, at which time they appear 
as black unenlightened Ipots. The phafes of Ju- 
piter and Saturn are always round and full, be- 
caufe the Earth is fo near the Sun in refped to 
their diftances, that their dark fide can never be 
fenfibly turned towards us s yet that they arc 
opaque, is evident from the xiifappearing of Jupi- 
ter's oroons when they enter into its (hadow. And 
though by reafon of their vaft diftance the like ob- 
fcurations of the fatellites of Saturn cannot be 
obfervcd, yet we can plainly fee that the ring cafts 
a (hadow on its body : whence we may be cer- 
tain of the opacity of both : for if the ring were 
not opaque it could cad no fhadow, and if Saturn 
ftione by any native light of his own, the inter- 
ception of the Sun's light would caufe no defeft 
or fliadow on his body. It is unneceflary to ob*- 
ferve, that the Earth and its Moon are illuminated 
only on that part or fide on which the Sun fliines. 

When 
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When one planet* intercepts any part of the Sun's s 
light from another^ the planet from which the 
light is intercepted is. faid to be eclipfed, if it be a 
fecondary. But if they are both primaries^ the in- ^ 
ierior planet is faid to make a tranfit. When the 
Moon intercepts the Sun's light from, the £arth> it 
is ufual to fay the Sua is eclipied, though, properly 
faking, it is the Earth that is eclipfed. 

There art three- ways in which the fatellites of t 
Jupiter or Saturn may difappear from an obferver 
placed on the Earth, Thus, let s (fig. 53) repre- 
fent the Sun, e the Earth in its orbits j the pla<- 
net Jupiter and its moons. Then the outcrmoft 
fatelUte, for example, will difappear on the enlight^ 
ened face of Jupiter when at its inferior conjunc- 
tion M. It will alfo difappear at its fuperior 
conjunction n, being hid behind the body of the 
planet. And laftly it will difappear when at o, 
being eclipfed in palling through the fhadow of 
Jupiter. 

From thefe confiderations is obtained a gocA sf 
method of finding the parallax of the Earth's annual" 
orbit. For which purpofe the inftant of the fatel- 
Hte*s firft difappcarance behind the body of Jupiter 
muft be carefully obfcrvcd, as likewifc-the inftant of 
its re -appearance : the middle inftant will be that 
of the fuperior conjunftion at n. In like manner, 
the middle-inftant of the eclipfe at o muft be found. 
The time the fatellice employs in paffing through 
the arc n o will thus be known, and confcquendy 

the angle n j 0.* For, 

As 
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As the periodical time of the fatellite < 

Is to the time of paffing the arc n o. 

So is the whole orbit of 360 degrees 

To the angle n j o. 
But the angle n j o is equal to the angle £ j s, or 
the annual parallax. ^ 

V By the obfervations of thcfe eclipfes^ the difcovery 
of the longitude on. fliore is eafily obtdned^ but the 
violent motion of (hips at fea has hitherto prevented 
the ufe of telefcopes on board proper for this purpofe^ 
though there are good reafons to believe that this 
w difficulty is not infurmountable. From thefe obfer- 
vations it alio appears^ that light is not propagated 
from luminous bodies in an inftant^ but pafTcs 
through a given fpace with an aifignable velocity. 
This velocity is extremely great, for it paffcs through 
the whole diftance between the Sun and the Earth 
in about eight minutes ; that is to fay, at the rate 
of one hundred and feventy thoufand miles in a 
fecond of time. For the periodical times of the 
latellites being known, it is not difficult to deter- 
mine the precife time of any of their eclipfes. But 
it is found necefTary to make an allowance for the 
pbfition of the Earth. with refpeft to Jupiter, fince 
the eclipfes happen fooncr when the Earth is at f,- 
(%• S3) ^^ i^s orbit, thim when at a greater dif- 
tance, fuppofe at £ ; and as it is abfurd to fup- 
pofe,' that the pofition of the Earth fliould fenfibly. 
and equally affeft the. periodical revolutions of 
bodies fo vallly remote^ and revolving in fuch dif- 
. fcrcnt periods, it is an opinion univerfally received, 

• ^ and 
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and confirmed by other obfervauons on the light | 
of the fixed ftars ♦, that the ecUpfes happen later 
when the Earth is at e than when at f, becaufe the 
light muft in the latter cafe pafs through a fpace as 
much greater as the line j e exceeds j f. 



CHAP. VIII. 

OF THE MOON. 

That the Mbon revolves round the Earth, is x 
proved from its apparent diameter, which continues 
at all times, and in all pofitions, nearly of the 
fame magnitude, whence it may be eafily inferred, 
that its diilance from the Earth is nearly at all Hmes 
the fame. Its horizontal parallax, which at a me-* 
dium is about 57', fhews that it is very much nearer 
to us than the reft of the cclcftial bodies. 

The moft remarkable appearance in the Moon is t 
the continual change of figure to which it is fubjeft. 
Sometimes it appears perfeftly full or circular, at 
other times half-illuminated, and at other times 
more or lefs than half s changing through a very 
great variety of figures. Thefe changes being always 
the fame at the fame elongation from the Sun, are 
a proof that it receives its light from that luminary : 
for the Moon is enlightened only on the fide that 
faces*the Sun \ and a greater or lefs quantity of that 
enlightened part is vifible to us, according to our 

* The ab^rradon of the fixed ftars arifing from the progref- 
five motion of light, will be explained in Book II. Sed. L 

pofition* 
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pofitlon. This cannot be better iUaftrated than by, 
an ivory ball, which being held in the Sun in vari- 
ous poQcions, ' will prefent a greater or lefs part of 
Its illuminated fide to the view of the obfcrver. 
If it be held nearly in oppofitiop, fo that the eye 
of the obferver may be almoft immediately between 
it and the Sun, the greateft part of the enlightened 
fide will be fecn, ^ But if it be moved in a circu- 
lar orbit towards the Sun, the vifible enlightened 
part will gradually decreafe, and at lad difappear 
when the ball is held dh-eftly towards the Sun. 

• 

Or, to apply the experiment more immediately to 
our prefent purpofe; if the ball at any time, when 
the Sun and Moon are both vifible, be held direftly 
between the eye of the obferver and the Moon, 
that part of* the ball on which the Sun fliines wiU 
appear exaftly of the fame figure as the Moon 
itfclf. 

z The Moon's path ororbit is inclined to the plane 
of the ecliptic, in an angle of about five degrees and 

A a quarter. Its periodical revolution is performed 
in twenty-feven days, fc^en hours, forty-three mi- 
nutes, eleven feconds and a half; but becaufe, 
during that time the Sun, by its apparent motion, 
advances confidcrably in the ecliptic, a fpace of 
about two days and a quarter is required by the 

B Moon to overtake it. When the Moon is as nearly 
in a line between the Earth and the Sun as the in- 
clination of its orbit will allow, it is called the New 

c Moon; and when the Earth is in like xnanncr 
between the Moon and the Sun, the Moon is faid to 

be 
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be full. The time between two fucceeding full o 
moons is called the fynodical revolution^ and 
exceeds the periodioal revolution, for the realbn 
sdready gtven^ it being performed in twenty-nine 
daysj twelve hours, forty -four minutes^ and, three 
(econds. If the new or full Moon happen near the £ 
node, ^n ecHpfe takes place ; at the new Moon, 
the Moon being interpofed between the Sun and 
Earth, occafions an eclipf^of the SuA; at the fuUi 
the Moon entering into the fhadow of the Earth, is 
deprived of the Sun^s light, the Earth being inter* 
pofed between it and the Sun : which phenomenon 
is called a lunar eclipfe, or eclipfe of the Moon.* 
At other times, that is, when the new or full Moon 
happens at a diftance from the node, the Moon pafies 
too far to the northward or fouthward of the eclip- 
tic, either to intercept the Sun's light from the 
Earth, or to enter the Earth's fliadow, and confe- 
quently no eclipfe happens. ^ 

It is determined from obfervations of angular f 
velocity, parallax and apparent diameter, that the 
Moon revolves round the Earth in an elliptical 
orbit, in the focus of which the Earth is placed : * 
and that its velocity is fuch, that a radius joining 
its center with that of the Earth docs very^nearly 
dcfcribe equal areas in equal times. 

The line of the apfides, or principal diameter o 
of the Moon's orbit, is hot fixed or ftationary, but 
revolves with an irregular or libratory motion from 
weft to eaft : completing one revolution in almoft 
nine years* 

The 
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H The line of the nodes is aUbufubjeft to a like 
irregular motion frqm eaft to weft» which is com-^ 
pleted in almoft nineteen years. 

I The variation of the Moon's motion in any 
part of its orbit is tlie diflFerence between its real 
motion and that which it would have hadj pro* 
vided it had defcribed equal areas in equal dmes. 
This is governed chieSy by its elongation fi'om 
the Sun. * During the firft quarter its velocity is 
diminifbed ; in the fecond quarter, from the qua« 
drature to the oppofition or full Moon, it is in« 
creafed j in the third quarter, from the oppofition 
to the laft quadrature, the velocity is again dimi- 
niihed ; and from that quadrature to the con- 
junftion^ its velocity is again increafcd. The 
quantity of angular modon loft exceeds the quan- 
tity gained : therefore the whole periodical revolu- 
tion is performed in a longer time than would have 
been employed if the Moon were fubjeft to no 
fuch variation, but defcribed equal areas in* equal 
times. 

K This variation, and confequendy the retardation 
of the periodical time, is greater when the Earth is 
in , the perihelium, and leis whenf the Earth is in 
the aphelium: whence it comes to pafs, that all 
the Moon's revolutions are not equal, but are per- 
formed in lefsdme i^ the latter fituation than in 
the former. 

L On all thefe, as well as' other accounts, the de- 
termination of the Moon's place in the heavens 
for a given inftant of time has ever been a pro- 
blem 
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Uecn of great difficulty, whscb^ till of late years 
has not been folved to wf confid^r^ble degree 
of exadncfs. Within the laft twenty years the 
cpmmiilioners, appointed by the Englifli govern- 
ment for the difcovery of the longitiide, have par* 
ticularly attended to this branch of aftronomy, and 
by publifhing almanacs in which the Moon's elon- 
gation from the Sun^ and from certwi fiited ftars^ 
isafcertained for every three hours, have enabled 
navigators to determine the iituation of fliips at fea 
in general within thirty miles of the truth. This 
is an advantage of lingular ufe ib long voyages, and 
is at prefent much ufed in the royal navy, and £a(t 
I hdia Company's fhips. 



^ ^ 
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C H A P. IX. 

CONCERNING THE BCLIPS£S OF THE SUN AND 

MOON. 

W^ have feen in what maoner the periodical re- 
volutions of the celeftial bodies^ together with the 
figure, magnitude, and poiition of their orbitSj 
may be refpedively determined by obfervations 
made on their apparent motions and iituations*. 
From the properties of the ellipfis, and the efta-* 
bliihed law of their velocities (121, k), or other- 
wife, more immediately from the confidcration of 
gravity (98, w, x), aftronomical tables are com- 
puted, by which the places of the heavenly bodies 
jnay be found for j^ny inftant pf time* The con- 
• Vol, I JL ftruftion 
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firuftion and ui« of > thefe . would lead us too 6r 
from the condie aod exterior view of pKeoomeoa* 
that our liAiiu require: we. fhali therefore zffumc, 

M as a thing granted of courfe, that die pbce of any 
ccleftial body may be found for any given inftant 
ofdrne. 

K The eclipics of the Sun and Moon are pfaeno^ 
mena that command the attention even of the 
vulgar^ who have always retained a fuperftidoua 
veneration for the fcience of aftronomy^ chiefly 
on account of the means it affords of foretelling 
events of this nature. And though in reality the 
^ knowledge required in calculating an ecltpfe does 

not eflentially differ from that employed in 4eter-* 
mining the time of the rifing and letting of the 
Sun or Moon^ yet there is no doubt but a more 
particular attention to this fubje<5t will be accept- 
able to the reader^ 

6 As the (hadows of the Moon and Earth are the 
caules of eclipfcs, it will be neceffary firft to deter- 
Aline the figure of thofe fhadows. Becaufe the Sun, 
the £arthj and the Moon are ipherical bodies^ it 
follows that the (hadows pf the two latter muft be 

p either conical or cylindrical; that is to fay (fig. 54)^ 
if the Sun i k be lefs than the Earth c d, the fhadow 
of the latter will be part of a cone^^ whofe fedion 
is terminated by the lines c e^ d f^ and whofe bale 
is indefinitely diflant : or, if the Sun ab be equal 
10 the Earth c d, the ftiadow will be a cylinder 
between the lines c o, d h, whole bafe is indefl* 
nitcly diftanc. In either cafe the fhadows.of the 

Earth 



Earth Inay conlcquently fall upon and eclipfe the 
iuperior plancts> when in dire£t oppofition to die 
Sun* But this never happens, and therefore the Sun 
is neither lefi than, nor equal to, the Earth, but 
greater. We know moreover, from the Sun's pa« 
rallaat (136, n), that it is much greater than the 
Earth, becaufe the Sun's diameter feen from the 
Earth is about 3 a minutes, whereas the Earth^s q^ 
diameter feen from the Sun is (ka6) only al^out 
17 ieconds, a quantity that may be r^rded as 
infenfibJe, or inconfiderable in many observations. 
And (ince the Sun exceeds the Earth in Co high a R 
proportion, it muft of necefllty be yet greater with s 
regard to the Moon, becaule this laft is lefs than 
the Earths Let ab (fig. 55) reprefent the Sun 
greater than the Earth c d. The rays of light ac, bd, 
paffing from the extreme edges of the Sun, and in 
contafk with the Earth on the fame fide, will afrer^ 
wards meet or crofs in the point k. No part of 
the Sun*s light will appear within the cone ckd, 
which is therefore the (hadow in which an obferver^ 
being placed, would be totally deprived of the Sun;- 
But there will be a pardal (Badow or penumbra 
between thofe rays ad m, bcl, that pais jixua. Jtiie 
extreme edges of the Sun, and touch th^ oppofite 
extremes of the Earth \ that is to fay^' an obferver 
between the lines c l and d m, but without the dark 
cone c K D, will fee only a part of the Sun, the refl 
being hidden by the interpofition of the Earth : the 
quantity of the Sun thus obfcufcd will be greater, 
and the penumbra darker, the nearer the obferver is 

L 2 placed 
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placed to the ^onc c k d* Laftly, if the obfervef 
be /ituated beyond the vertex of the dark ihadow k, 
between the lines ic n, k o^ formed by the codtinua* 
tion of the extreme rays^ be will behold the exte- 
rior parts of the Sun forming a lucid ring, envH 
roning the Earth on all (ides. 

T The angle c k d, at the vertex of the Earth's 
fhadow, is equal to the difference between th€ 
diameter of the Sun> feen from the Earth or angle 
A c Bj and the diameter of the Earth feen from the 
Sun, or angle c b d *. Or, if the Earth's apparenc 
diameter from the Sun (147, oj) be rejefted as 
inconfiderable, the angle of the Ihadow will be 
equal to the Sun's apparent diameter. 

u Tlie angle c i d, at the vertex of the penambra> 
is equal to the fum of the diameter of the Sun feen 
from the Earth, or angle a c b, and the diameter 
of the Earth feen from the Sun or angle cad: or, 
if the Earth's apparent diameter from the Sun 
(147, qJ) be rejeflcd as inconfiderable, the angle 
of the penumbra is equal to the Sun's apparent 
diameter. 

r The apparent diameter of any fcdlion e f, of the 
ibadow, fuppofed to be viewed from the Eartib * 
namely, th<f angle e p f, is equal to the excefs of 

• Euclid I. 3a. is repeafedly ufed in what inimediately fol- 
lows : rhatls to fay, in any triangle Ji c k, the outward angle 
A c B formed by prolonging one of its fides, is equal to the 
ftim of the two inward oppofite angles c k d> c b d 2 and con- 
feqaently, that one of the two laft-named angles, or c k 0, 
will be equal to the difference between the extern^ angle 
A c B and the other interior oppofite angle e b d« 

the 
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the Earth's apparent diameter fecn from tfie place 
of fedion^ i)ame}y, the angle c £ d, beyond the 
angle at the vertex of the fhadow c k d j or, if the 
angle of the fhadow ( 1-48, t) be taken as equal to 
the Sun'^ apparent diameter, the apparent diameter 
of any fcdtion of the fliadow fccn from the Earth 
will be equal ^o the 'difference^ between the appa- 
rent diameters of the Sun and Earthj as feen from 
the place of fe6tion> this lad diameter being greatf^ft. 

The apparent diameter of ;iny fcflion c h, of the w 
penumbra, fuppofed ta be feen from the Earth, 
namely, the angle g d h, i$ equal to the fum of the 
Earth's apparent diameter feen from the place of fcc- 
tion, namely, the angle c io d, added to the angle at 
the v-ertcx of the peaumbra c i d. Or, if the angle 
of the penumbra (148, u) be taken as equal to 
the Sun's apparent diameter, the, apparent diameter 
of any feftioit of the penumbra feen from the Earth' 
will be equa^ to the fum of the apparent ^iam/cters 
of the Sun and Eafth, as feen from the place of 
fedion. 

Every thing that has been here (hewn refpeding 2^ 
the (hadows of the Earth is true in like circum- 
stances of the Moon (147, s). 

' To apply thcfe obfervations to the fads, let a b y 
{fig* 56) reprefent the Sun, c d the Earth, and 
I K or L the Moon in its orbit k m n 5 let the Moon 
be at I K, between the Sun and Earthy its total 
fliadow may then entirely deprive a part of the 
Earth at o of the .Sun's light, and its penumbra 
ViU caufe a partial eclipfe of the Sun to the inha- 

L 3 bitants 
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z bionts between o and h. Agabj fuppofe the Moon 
Ip be at L» and it will itfelf be eclipfed by the iotser- 
pofinon of the Earth between it and the Sun« In 
lunar eclipfes^ the Earth's penumbra is not attended 

\ to, becaufe its effeds in obfcuring the Moon cannot 
"be obferved with precifion by a fpedator [daced 
on the Earth. 

A ' It has already been obferved (i43je), that eclipfes 
cati only happen when the Moon is near one of the 
nodes of its orbit. Let a b m (fig. 57) rqirefent 
the Sun, viewed from the Earth, c d a portion of 
the ecliptic, or Sun's apparent path, and £ f a part 
of the orbit of the Moon ; which planet is repre- 
fented at diflferent dines by the circles o, h, i. It 
is evident, that the eclipie or obicuration of the 
Sun endrely depends on the pofidon of the node 
K, and the angle of inclination fnd. Iftheangk 
of inclination remain unaltered while the node n 
is very remote from the center k of the Sun, the 
points K and l n^y be faf ther apart than to permit 
any occultacion or apparent contadt ; and it is clear, 
that an enlargement of the an^e f n o may produce 
the fame eSedt : on the contrary, an approach or 
coincidence of n with k, or a diminution of the 
angle f n p, may caufe an eclipfe, the quantity of 
obfcuradon in which will be fo much greater, as 
thefe circumftances are more prevalent 

B The Sun's place k in the eclipdc (146,, m) being 
known from tables, together with the inclination of 
the Moon's orbit, the place of the node, and of 
the Moon itfelf, anc) likewife the apparent diaoieters 

of 
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of die luminaries reipeftivdy^ it will: be eafy to 
find the velocity of die Moon in elongatton* and 
^eonfequently the beginning, middle, end, quantiqr 
of obfcuration, and other requififies concerning di9 
eclipfe. If the computation be made from uhc u^ e 
faular places of the heavenly bodies, the rcfult wiU 
give the eclipfe as fecn from thecemer of the Eartji, 
becayfe, in all tables where the Earth is fpoken o^ 
diat center is meant, except otherwise mentioned. 
But it is required to determinie the particulars of the 
edi^ for a given place on the Earth's furface, and 
this includes the confideration - of parallax. The 
Sun's parallax being very minute (136, n) may it^ 
this, and moft other ca(es» be reje&ed : but the 
Moon's parallax is fi> great, diat it is at leaft of as 
much confequence as any other element whatfo** 
ever. For, on this account, the Moon's appare|3|: 
f>ath, as feen from the furface of the Earth, is fo 
iitfibrent from that which it would have when beheld 
from the center^ that the fame conjundtion which 
gives a total eclipfe at one place fliajl not occafion 
the fmalkft obfciuration of the Sun when beheld at 
the &me inftant from another part of the Earth. 

This method of computing a Iblar eclipfe is very s 
loperofe. For the Moon's parallax at any time, paft 
or to come qinnot be had without finding its al- 
titude by i{^erical trigonometry, and other cotn^ 
,i)utations muft then be made to deduce the ap^ 
.parent pofitioos of the Sun ^d Moon with their 
rdatiye velocity, and fo ferth. And becaufe the 
altitude; pf the Moon is continually changing, it is 

t. 4. ncceffary 
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nccetSuy to repeat the computatioiis of paral*^ 
F lax from dme to time. To render this bufinds 
lefs tedibus^ it has been found expedient to con-r 
fider the phenomena of fidar " edipfes as they 
would appear to an obferver placed on the Moon. 
Let A B (fig. 58) reprefent the Earthy fcen from 
the Moon, under an angle of about i" 54^ or 
double th^ Moon's horizontal parallax (f4r»x) ; 
the line c o a portion of the oppofite part of the 
Moon-s orbit in which the Earth is ieen; the circles 
Cj H) I,' (hadows of the Moon, that on account 
ef their always being diametrically oppofite the 
Sun, will be found to fenfe in the ecliptic, efpe- 
cially when the Moon is near the node. The path 
T£ of the ffaadow will therefore make an angle 
F N D with the line c d, equal to the inclination 
of the Moon's orbit, and the interfcdtion » will 
be as far diftant from the center of the Earth as 
the node is helioccntrically from the center of the 
Moon. Now the motion of the Earth, in the 
line, c D, is equivalent to the Moon's apparent 
motion in its orbit fcen from the Earth, and the 
motion of the ftiadow is equivalent to the Sun*s 
motion in the ecliptic. Confequcntly, the center 
of the Earth and fhadow of the Moon may be 
projefted as feen from the Moon, The diameter 
of the dark fhadow, k, l, or m, feen from the 
Moon, will be equal to the cxcefs of tlic Moon's, 
apparent diameter beyond that of the Sun, "when 
both are feen from the Earth (148, v. 149, x), the 
Moon's apparent diameter being greateft^ but if 

it 
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k be . the leis of the two, the Ibadow will not 
reach the Earth, The diameter 6f the penum- 
bra, G, H, or I, feen from the Moon, will be equal 
to the fum of the apparent diameters of the Sun 
-dnd Moon, feen from the Earth (149, w, x). 
With thefe data the eclipfe may, be conftrufted 
uniVerfally. 

But in conftrufting the edipfe for a particular o 
place, the rotation of the Earth on its axis mud ' 
be brou^^ht into confideration. For while the 
Aiadow pafles over the Earth's diic, a given place 
p will be carried round in its parallel of latitude^ 
and may likewife be marked in the proje<5lioh for 
•any inftant of time. When the place enters the pe- 
numbra, the eclipfe will begin there; when the place 
•and the center of the (hadow are the neareft, the ob- 
fcuration will be greateft, and when the penumbra - 
leaves the place, the eclipfe will end. If there be 
a dark (hadow, and it pafles over the place, die 
eclipfe will be total. If there be no dark fliadow, 
and the place (hould pafs within the penumbra to 
a depth exceeding the Moon's apparent diameter> 
the Sun will be feen environing the Moon on all 
fides; whence the eclipie is faid to be ^nnular 
(148, s). And, in general, in any (blar eclipfe 
that is not annular, the diftance of the place with- 
in (he penumbra will meafure the greateft feftion 
or part of % diameter of the Sun obfcured at that 
inAant;, and the line joining the cufps, or angular 
termination of the apparent part of the Sun, will 
' iiie at right angles to the meafuring line or dia- 
meter. 
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meter, of wjhlch the meafiiriog line repiefeiits a 
part. 
H We are now to confider an eclipfe of the Modil 
It is evident^ that the difierence in the phenomeaa 
of a folar eclipfe woidd not take place if the pa* 
rallax of each luminary were the fame ; becaufir, 
whatever mutation of place the parallax might oc* 
cafion in the one, the fame would be produced in 
the other, and they would neither approach nor re- 
cede from each other on that account. Now the 
fedion of the Earth's fhadow pafled through . by 
the Moon in a lunar eclipfe, being at the iame 
diftance from the .Earth as the Moon itfelf, muft 
be fubje6t to the fame parallax at equal altitudes; 

and iince the individual points of immerfion, emer- 
jSon, or other periods of the eclipfe, muft in die 
ihadow have the fame altitudes as the parts of the 
Moon they, as it were, lie on and obfcure, the ef- 
fefts of parallax muft be the fame on both. Re- 
jcAing, therefore, the coniideration of parallax, the 
Earth's fliadow a b (fig. 59) may be taken to oc- 
jcupy a place in the heaven3 diametrically oppofitc 
the Sun, and having an equal and fimilar motion 
to the apparent motion of that luminary, its ap- 
parent diameter, feen from the Earth, will be equal 
to the difference between the apparent diameters of 
the Earth and Sun, as feen from the Moon ( 14S, v). 
Or ic will be equal to twice the horizontal parallax 
0( the Moon dimioifhed by the fubtra<%ion of the 
Sun's apparent diameten And 4f tibe inclination of the 
orbit of the Moon be found, chece will be a certain 

diftance 
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diftance of the node n from the center of die (hadow 
Cj that will require the Moon near die oppofidon 
to pais through the Earth's fhadow^ and be con* 
ftquently eclipfed. From the greater or lefs di(^ 
cance of the node n, or m, it will be determined 
whether the eclipfe will he partial or total ; and 
from the refpe£tive places, the quantity and direc* 
tion of the relative velocity, together with the ap* 
parent magnitudes of the ihadow and the Moon, 
til the particulars of the eclipfe may be known 
without difficulty. 

It may with great reafon be demanded, how it < 
happens that the Moon, which is affirmed to emit 
no light of itfelf^. but only by refle&ion of the Sun, 
is neverthelefs fuffictently luminous, even in the 
very middle of a total eclipfe,. to be diftinftly feen / 
of a duiky reddifli colour. The Earth's atmofphcre, 
or body of air that furrounds it, is the caufe of 
this phenomenon. In fa6t> the ihadow of the ic 
Earth itfelf never extends fo far as the Moon's or- 
bit, though the ihadow occaiioned by the diiper- 
fion or refledlion of the light that falls on the at* 
mofphere may, with a very fmall allowance, be 
taken for the ihadow which the Earth would have > 
had if the light had paiTed dofe by it without in* 
terruption. We cannot with regularity explain the 
refra£tion of light in this place. It will therefore 
be fufficient to obferve, that in the event. now under 
confideration the Sun's light, falling obliquely on 
the atmofphere, is bent ^or turned out of its courfe 
to as to converge iboner to a point, than it would 

otherwife 
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. ocherwife have done ; the fpherical atmofphere per- 
forming, in fome mcafure, the office of a hi^ge 
convex lens, or burning-glafs. The more obliquely 
the rays hW, the greater is their deviation from 
their original courfe ; and thofe rays that pafs dofe 
to the Earth are found, by obfervatibns on the 
letting Sun and other he;svenly bodies, to fuffer a 
refraftion of about 32 minutes of meafure. The 
laws of optics, hereafter to be explained, require 
that they Ihould undergo an equal refradion in 
palfing out through the oppofite part of the at- 

h mofphere. Each exterior ray of the real fliadow 
will therefore pais 66 minutes within the riays 
that would have forme^the cone ckd, %. 55. 
and confequently, the angle at the vertex of the 
cone will be 132 minutes, or 2\ X2. greater than 
it would have been $ that is, it will be equal to 
the diameter * of the Sun 32 (: 48, t), added to 

>i 2\ 12. which gives' a°. 44'. Hence the axis of 
the cone, or length of the ihadow, is found to be 
no more than 42 femidiameters of the Earth; whercr 
as the radius of the Moon's orbit, or mean di- 
fiance of the Moon, is about 60 iemidtameters 

N of the Earth. In the fpace between the penutnbra 
and the Earth's real ihadow it is much darker than 
the penumbra, though that fpace is illuminated by 
the rays of the Sun, which are variouily refrafted, ac- 
cording to the deniity of the air they pafs through.' 
Many rays are reflcdtcd back, and the rays that go 
forv.ard are fuch whofe nature does not admit of 
their being cafily rcfledcd. We are to iliew in 

future 



ECLIPSES* 157 

future that thefe arb tht red, orange, and yellow; 
Hence it is that the Moon in an eclipre appears o 
red; .and a fpe&acor on the Moon would, after 
lofing flght of the Sua, behold the Earth envl* 
roned with a narrow luminous edge . of bright red 
light, ftiad?d off with yellow on the ou^de. ; 

Since the Earth, when beheld from the Moooi p 
muft always appear in the part of the heavens im**- 
mediately oppoGte the Moon's apparent place 
as fecn frortf the Earth, the enlightened fide of the 
Earth will have the fame figure, when feen from 
the Moon, as the dark fide of the Moon would 
exhibit if it could be feen at the fame inftant front 
the Earth, Thus, when the. Moon is invifible, or 
near the conjundion, the Earth is in oppofitioa, 
and prefents a full luminous face to. the Moon; 
and on the contrary, when the Moon is, at ihf: 
full, or oppofite the Sun, ^it muft be on the dark 
fide of the Earth, which confequently thep be- 
comes invifible. Near the beginning of the firft 
or^^end of the laft quarter, the dark fide of the 
Moon is rendered vififc^le by the full Earth fhining 
on it, but is-fcarcely fo luminous as the Moon 
ivhen eclipfed. The Earth's difc, feen from the 
. Moon^ is about thirteen times that of the Moon 
feen 'from the Earth* If the Earth refleded as 
great a part of the light that falls on it as the 
Moon does, its light, at the Mpon would exceed 
the moon. light with us in that ratio. This, how- 
ever, is not probable, though it may fairly be fup- 
pofed that it is three or four times as greats But 

we 
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we have already obferved chut the Earth's atmol^ 
pherej in a lunar eclipfe^ illuminates the Moon 
Q^ rather more than this. Whence it follows^ >tbat 
the narrow: ring of light encircling the £anh» 
when feen from the Moon during an ecliple^ gives 
a light far exceeding our moon-light at the fuU^ or 
or even that of the Earth's fuU.&ce fhining on die 
Moon : and as the fur&ce of the rtng> by compu'* 
tatipdj can hardly equal d^e one hundredth part 
of the Earth's difc^ or the one eighth part of the 
Moon's difc^ its. brightnefs will be more than 
twenty-four rimes that of the Moon. It muft con« 
fequently be very luminous and dazzling. • 

Notwithftanding this, there have been edipies 
of the Moon, when in that part of its ortnt near 
the Earth, in which that luininary entirely diiap« 
peared. But thefe bbfervadons are very rare. 



} 






CHAP. 



JVli.n/j. 







\ • 



■^^ 



I / 

I COMETS. 15^ 



C H A P. X. 

Qf COMETS; AND OF THE PROPORTION OF LIGHT: 
. AND HEAT ON THE PLANETS. 

Besides the kven primary planets already enu- r 
tnerated) and their moons or attendantSj there arc 
odier bodies that revolve round the Sun> and claim 
peculiar diftinftion on ieveral accounts. Thefe are 
called Comets^ and appear occafionally in tvery 
part of the heavens $ their motions being perform* 
cd in very long ellipfes^ whofe lower focus is in 
or near the Sun. By obfervations of parallax it is s 
founds ^ that at their firfl: appearance they are nearer 
to us than Jupiter J whence it is concluded^ that 
they are mod commonly lefs than that planet ; for 
if they were as large as Saturn^ they would be (een 
as.far.oK 

When a comet arrives within a certain diftance t 
of the Sunj it emits a fume or vapour^ which is 
Called its tail This Ihews that they contain a por-- 
tion of matter confiderably more rare and volatile 
tlfiUi any on the Earth ; for the tail begins to ap^ 
pear while they are yet in a higher, and confc-* 
quendy colder region than Mars. The tail is aU 
ways direded to that part of the heavens which is 

dircdtly 
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dircdly or nearly oppofite to the Sun; and is 
^greater after the comet has paft its pcrihclium, than 
during its approach towards it j being greatcft of 
all at the time when it has juft pafled the pcrihc- 
lium. 

That part of a comet*s orbit which comes 
under our obfervation is fo fmall in proportion to 
the whole, that in mod it docs not differ from a 
parabola, by quantities that obicrvacion can diftin* 
guilh: for which reafon the dimenfions of their 
orbits and periodical times cannot be determined 
with any degree of precifion from a fingle appear- 
ance. But from the re-appearance of comets after 
long intervals of time in the fame region of the 
heavens, and moving in the fame curve, it rs de- 
elided that they revolve about the Sun in very long 
or eccentric elHpfes; being governed tliroughout 

by the fame law of defcriljing equal areas in equal 
times, which is found to take place in the infefidf 
part of their orbits. The con>et that appeal-ediri 
the y§ar i66rwas feen before in the fame orbit, 
and Vinder the fame circumftances, in the year 
1532: which fhews its period to be 129 years. 
iSo lifeewife, the comet that appeared in the year* 
14561 153 y> 1607, 1682, and 1759, is deter-* 
mined to revolve in a period of about feventy-fix 
years. And that very remarkable comet which 
was obferved in the year 1680, is (hewn to be the 
fame with that which app^rcd in the. year 1106; 
its period being 575 years. 

The 
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The member of comets' is very mubli grealel'W 
than tb^t of' the pltoets which movc^irt the vicinity 
of the Sun. ' From the reports of former hiftorians, 
a$ well as from the obfcrvations of late years, it is 
after tiiincd, that rtoi-c than four hundred and fifty 
have been "feen previous to the year 177 1: and 
When the attention of aftronomers was called 
to tills bbjcdl ' by the expe<5^ation of the return of 
Ae comet of 1759, "^ fewer than feven were ob- 
iVrVcd in the courfe of feven years. From thh 
drcumftance, and the probability that all the. comets 
ret*or«!ed in ancient authors were of confiderable 
appiirck- magnitude, while the fmaller were ovcr- 
lOOkedy it is reafonable to conclude, that the num-* 
bcr of comets is confidcrably beyond any eftima- 
tion that might be made from the obfcrvations 
we no^ poffefs. * But the number of comets whole % 
orbks arc fettled with- fufficiexit accuracy to alter- 
tain their identity when they may appear again ;s 
no more than fifty-nine, reckoning as late as the 
year 1771. The orbits ofmoft of thefe are in- r 
clined tb the plane of the ecliptic in large angled, 
and the greater number of them approached nearer 
the Sun than the Earth ever does. Their motions a 
in the heavens are not all in the orddr of the 
figns, or direft, like thofe of the planets : but the 
number whofe motion is retrograde is nearly equal 
to that of thole whofe motion is direft^ 

It is not neccflary in this work, to, eiiter fully a 
into the confideration of final caufcs; more par- 
ticularly as the fubjed has embarnaffed the greateft 

Voir. L M mctaphyficians. 
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metaphyGsUm, V and may withjuftice :be fkid 
to be coo^ e:tt$nded for the human pow^ jf$t . . Jti 
every thing we &c, the phenomena, confi^erod 
finglyi are noceflary conlequ^nc6(< of < certain .ge*« 
neraMaws> to which the univerfe appears ^0::befub^ 
jedted i but when- they are confidered in a cc^loc*; 
live view,, a/^eftainfelatipn, ^r fitnefs for prO)^ 
ducing fome general effeAs,. is fe^g, which J>y i^ 
means depends on the fanie laws, at^d by an^lQgjr 
is referred to the operation, pf an intelligent agen(r 
To illuftratc this by an example, of the fio^ple^ 
kmd, we n^ay pbferve, that in the well-ki>0W9 H^r 
ftrument i^aUfd fcilTars, it follows nece0arUy icofil 
the laws of mption, already, explained in die me* 
chanical powers (60, c. 67, !).)» that the bladci 
win cut or divide certain fubftances expofed to their 
adUoni but if weconfider the various circumfiances 
that co-oper^^e in producing this effed, we itiuft 
dilcliaim all reafoning frorn analogy before we. cam 
refolve their conne£lion into an eSed of thofe laws, 
without fuppofing the agency of an intelligent being 
as the caufe of their union, and concluding that it 
was intended thfey (hould jointly concur in one pur* 
pofe. It is to this being that we refer, in orcjer 
to decide, why the Iharp edges were made on the 
inner, rather than on the outer, part of each Made: 
why the other extremities have annular termina* 
tions: why the inllrument is made of ftcci rather 
than lead j and fo forth. The^ purpofes or mo- 
tives which determine the adtions of intelligent 
beings, and produce their effedls in a manner fimi- 

lar 
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kr to die opetation of diic lawis of nature or pro- 
perties of matter, in eafes where thought is not fup« 
pofed to be concerned, ' are called final caiofcs^ 
In t^ works pf nature we behold enough of ex- b' 
quifite contrivance, and can fee hr enough* into 
many final caufes, 10 convince us that the arrange- 
ment of the untverie has been mac^e, and probably 
is ftin oecafiofla)ly adjufted, by a being whofe in^ 
telligence and power is ;- immenfdy beyohd th4e ^ 
which we poflels. To judge properly of his in- c 
tenttons, or, in other words, to be equal to the tafk ' 
of exploring the fcience of^nal caufes, requires no 
his than a perfect knowledge and recoUedion of 
every purpofe to which the obje^s around us n»ay 
be applied, together witb.a 'clear con^e^bii of 
the ideas of fitnefs arid order that form the pFOto- 
types in the mind of chat great being who direfts their 
(nocionSi Thefe confidevaitixuis ffaew the abfurdity D 
of attempting to explain the final caufes of every 
event we fee; but they by no means require that 
we ihoiald riegleft them in cafes where we have 
xeafon to^ -believe we> underftand the phenooiena, 
and haye fufficient experience to be affured that 
we difeern the principal, or at leaft one of the 
'prindp^l purpoies to whicK thing$ may have been 
defiined. Thus, it i^ fcarcely to be imagined that 
we can err in concluding, that the eyes, ears, legs, 
wings, and , other parts of animajs, were made for ^ 
the pwpbfes of feeing, hearing, walking, flying, 
and the like* Neither can we avoid inferring, that 
the power who conftrufted living creatures widx 
' Ma mouths, 
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mouths, teeth, and organs to digeft and affimi- 
kte food for their nutrimenti did likewife form 
other organized bodies, ^hich we call vegetables, 
for the exprefs purpdfe of affording that food. It 
is needlefi to multiply inftances. We cannot avoid 
feeing them every moment, and their effeA is (b 
ftriking, that we are ii^enfibly forced from ana- 
logy to allow the exiftence of a final caule in 
all cafes, whether we are able to difcover it 
or not* 

X On this ground, an enquiry into*the final cauies 
of the planetary bodies offers itfelf to our confide- 
radon. The earth is (hewn to be a planet in cir- 
cuml}:ances very fimilar to the other five ; we know 
its final cadfe — to fi^port a number of inhabit* 
ants. And by analogys we may conclude, that 
the others are alfo habitable worlds ; thoujgh firom 

. their different proportions of heat it is credible, 
that beings of our make and temperature could not 
live upon them. However, even that can fcarcely 
be affirmed of all the planets : for the warmeft cli- 
mate on the planet Mars is not colder than many 
parts of Norway or Lapland are in the ipring or 
autumn.. Jupiter, Saturn, and the Georgium Si- 
dus, it muft be granted, are colder than any of the 
inhabited parts of our globp. The greateft heit 
on the planet Venus, . exceeds the heat in the ifland 
of St. Thomas on the coaft of Guinea, or iSuma- 
tra in the Eaft Indies, about as much as the heat 
. in thofe places exceeds that of the Orkpey iflands, or J 
that of the city of Stockholm in Sweden: there*- ^ 

fore, 
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fore, at 60 degrees north latitude on that planet, 
if its axis were perpendicular to the plane of its 
'orbit, the heat would not exceed the greateft heat 
of the Earth, and of courfe vegetation like ours 
might be there carried 6n^ and animals of the fpe- 
cics on Earth might fubfift. If Mercury's axis 
be fuppofed to have a like pofition, a circle round 
each pole of about 20 degrees diameter would enjoy 
the fame temperature as the warmer regions of the 
Earth, though in its hottefl: climate water would 
continually boil, and mpft volatile compounds 
would be parched up, deftroyed or difliipated into 
vapour. But it is not at all neceflary that the planets 
Ihould be peopled with animals like thofe on the 
Earth : the Creator has doubtlefs adapted the in-^i 
habitants of each to their fituation. 

From the obfervations that have juft been made, f 
a better notion may be formed of the propqj-tiohs of 
heat on the planets than can be conveyed by num^ 
bers. Jtxwill not however be remote from our pur- 
pofe to 'Compare the Itght of the fuperior planets 
with that of our day, from whence it will appear, 
- that they are by no means in a ftate of darknefe, 
notwithftanding their great diftance. from the Sum 
This might be. inftanctd by fcveral different nac-* 
thods, as -by the'Siin's light admitted into a dark 
chamber, and received on paper With different de-» 
grees of obliquity; by a greater or lefs. number of 
Candles brought into; a xtotii for the purpofc of 
illumioating it with different proportions of light; 
pr by various optical mcthodscthat jleedvnbt he 

M 3 here 
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here defcribed. It wHl be fiiffidcnt for die illu* 
ftradon of die fufaj/cd to cocnpare dieir difitrent 
propordoDs of light wkh that of a moonniiae night 
at the dme of the full. 

G When the Moon is vifiUe in the day-time, ics 
light is fo nearly equal to that of the lighter thin 
tlouds, that it is with difficulty dilHaguiihed 
amongft them. Its light continues the fame durmg 
die night; but the abfence of the Sun, fuScring 
the aperture or pupil of the eye to dilate itfel^ 
renders it more confpicuous. It therefore fellows, 
that if every part of the (ky were equally luminous 
with the Moon's difc, the light would be the fame 
as if, in the- day-time, it were covered widi die 
thin clouds above-mentioned. This day-light is 
confequendy in proportion to that of the Moon as 
the whole furface of the iky, or vifible hemifpbere, 
is to the furface qf the Moon $ that is to iay, near- 

H ly as 90,000 to I. The light of the Gcorgium 
Sidus being to that of the Earth as 0.276 to 100, 
wiU be equal to the efFeft of 248 full Moons. The 
light of Saturn will be equal to that of 990 full 
Moons : Jupiter's day will equal the 'light of 3330 
Moons, and that of Mars will require 38,700, a 
number io great, that they would almoft touch 
one another. It is even probable, that the Comets, ^ 
in the mod diftant parts of their orbits, enjoy a 
degree of light much e^^e^ing moonfhine. 

X If theXomiets be habitable they muft be pof- 
fdQcd by creatures ,very different from any we 
have been u&d to behold and oonfider. There may, 

• however. 
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bbweyier, be other ufes for which it is probable 
they may have been formed : the matter thatcompoict 
th€:ir.cail& mud fall in procefs of time to the Sun or 
the neareft planet that may pafs through it^ where 
it- may fupply defe6t3, and anfwer purpofcs which 
our tot^l ignorance of its properties fcarcely allows 
us even to conjefture. In the Sun it may fcrve to 
recruit the waftc of matter that luminary may fuffcr 
by the conftant emiffion of the particles of light. 
After a great number of revolutions, the refiftance 
of the Sun's atmofphere, and a concurrence of 
circumftances, may occafion the comet itfeif to ap- 
proach the Sun> and at length fall into it, and 
become a part of its body. 



C H A P. XI. 

OF THE TELESCOPIC APPEARANCE OF THE MOOIf. 

The obfervations which might ^ confirm the k 
hypothefis of planetary worlds feem td be placed 
beyond our power. We can fcarcely hope to 
make optical inftruments fufficiently perfeft to 
render their inhabitants vifible to us. The grofi 
air that furrounds us, is a great impediment to 
the ufe of thofc we already poffcfi, and limits their 
pcrfcftion to a certain degree, beyond which wc 
^nnot pafs. AH, therefore, that we can do, is 
to examine if the pla&ets are accommodated with 
thofe rhbgs which we are uied to confider sis 

M 4 neceflary 
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neceflary to animal exiftence. Lands, feas, clouds, 
vapours, and an atmofphcre or body of air, . 
arc objeds that we may cxpeft to find on the 
£ice of an habitable world : it is our prcfent bu- 
finefs to relate what has ' been done in this re-* 
fpea. 

L The Moon being fo very near us, and likewife 
ih the fame temperature as to light and heat, of- 
fers itfclf as the fitted body for examination. Wc 
difcern a variety of fpots with the naked eye, 
which the imagination naturally fuppofes to be 
fcas, continents, and the like ; but on a more ac- 
curate infpedlion, with the affiftance of the tele- 
fcope, it is perceived that many of thofe appear* 
antes are occafioned by vaft obfcure pits or cavi- 
ties, and elevations or mountains. T he heights of , 
thefe mbuntains may eafily be found ; for by the 
horizontal parallax we know that the Earth's appa^ 

. rent diameter, fcen from the Moon at its mean dif- 
tance, is i° 54' ( 132, x) or 6840 ftconds, while that 
of the Moon feen from the Earth at the fame diftanc^ 

M is 31' 2g'\ or 1889 feconds. Their iabfolute dia- 
meters muft therefore be in proportion to thefc 
numbers. Confcquently, if we find the proporrion 
the height of a lunar mountain bears to the Moon's 
diameter, wc may, without difficulty, find the quan- 
tity of that height in miles or other terreftrial 
dimenfions. 

N . Thefe mountains and ca,vities are known to be 
fuch from their (hadows« In the firfl: and fecond 
quarters, when the Sun fliines obliquely op the fecc 

of 
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of the Moon^ the elevated parts caft a- triangular 
ihadow in the direftion from the Sun ; and, on the 
contrary, the cavidcs are dark on the fide next the 
Sun, and illuminated on the oppofite fide. The 
fliadows (horten as the Sun becomes more dire&Iy 
oppofed to the anterior face of the Moon, and at 
length difappear at the time of the full. During 
the third and laft quarters, the fhadows appear 
again, but all fall towards the contrary fide of the 
Moon, though dill with the fame diftin&ion, namer> 
ly, that the mountains are dark and Ibady on the 
fide furthefl: from the Sun, and the pits are dark on 
the fide next the Sun. The fame dedu6lion is obtain-: 
ed by conteit) plating the inner illuminated edge of 
the Moon. If the Moon were apcrfcft fphcrc, this 
edge would be a regular' curve, but if its furface be 
diverfified by hills and cavities, it is evident that the 
higher parts muft be enlightened iboner, and the 
cavities- later than the reft of the furface. This is 
accordingly the cafe, and affords a method of ob« 
taining the heights of the mountains. 

To render the explanation eafier, we (hall fup* 
pofe the Moon to be in its quadrature, and the 
mountain to be fituated near the MpOn's apparent 



Let the circle a bdo (fig. 6i) 'reprefent die 
Moon, whofe center is Ci and b the Earth: then a 
fpe£tator at e will fee the Moon enlightened in the 
half A G o, and the line £ c will pafs throogh a, of 
the inner enlightened edge. The ray of light s a i 
touching the Moon at ^ will crofs jhe lim-^ ^ at 

: right 



right angles^ ixtd iUumiDace the top of the moun* 
tato JB. .The angle a e b> is- found by ob(er¥acion» 
then in the taanjgle a j£ b, 
As tbe co-fioie of the ijhkrvci angle - abb 
Is to the. Moan's diftance • - a b. 

So is the fine of the obferved angle - abb 
To the fide or line - - - ' a b. 

Then in the right angled triangle cab, the fides 
c A and A B being known, the fide c b is found from 
Ae well known property (Euclid I. 47)5 that is 
to fay, the fquare of the Moon's, feoaidiameter c a 
being added to the fquare of the line a b, the fquare 
root of the funi is the fide c B. And if the femidi- 
tmeter of the Moon c f be taken from the line c b, 
the reoi^inder is fb, or the height of the mountain. 
p From obfervations of this kind, it appears that 
the lunar mountains are much higher in proportion 
to its radius than any we have upon* the Earth, 
Herfchel has ooferved feveral volcanos in theie 
mountains. 
0^ . That the Moon is furrounded by an atmofphere 
or body of air, is rendered probable by many ob- 
fervations of folar eclipfes, in which the limb or 
edge of the Sun was obferved to tremble juft be* 
fore the beginning. The planets likewife are 
obferved to change their figure, from round to oval 
juft before ^ the beginning of an occultation behind 
the Moon; which can be attributed to no other 
caufe, than that their light is refradled, being . feen 
through the Moon's atmofphere. Many aftrono- 
mera are of opinion^ that the Moon has rfp atmo- 
7 fpherc. 



moon's atmosphbab; tyt 

fphcrt, becaufe we fee no clouds^ and becaufe the 
fixed {tars difappear at once at the time of an oc« 
cultadon without any gradual diminution of Hgbt^ 
which thef. (pppofe ought to take place. But if we 
coniider the ^ScA of days and nights near thirty 
times as long as with us> we may readily grant that 
the phenomena of vapours and meteors may be 
very dilFercnt : perhaps their clouds and rain^ if 
any, may be condenfed into vifible quantities, on]/ 
during the abfence of the Sun, and if ib^ it is ao 
wonder that we never fee them*. .With relpcft ta 
the fixed ftars, it is plain, that granting, the Moon 
to haye an atmofphere of^he fame nature and quaa^ 
tity as ours, no fuch effei^ as a gradual dimioQtioii 
of light ought to takje place, at lead as to fenfe^ 
Our atmofphere is found to be fo rare at the height 
of 44 miles, as to be incapable of acting on the 
rays o/ light. This height is the i8oth part of the 
Earth's diameter; but flnce clouds are never ob^ 
ferved higher than four miles, we muft concladc» 
that the vaporous or obfcure part is but the t98t>th 
part. The mean apparent diameter of the Mooa' 
is 3 1' 29'', or 1889 ieconds ; therefore, the obicure 
pare of its atmofphere, when viewed from the £ard% 
niui]t fubtend an angle x>f lefs than one iecond^ which 
fpace is pafled over by the Moon in lefs than two le« 
conds of times ^ (pace and tin)e folhort, that it can 
hardly be expe6i:ed that obfervadqn can in general 
determine whether the fuppofed obfcuration takes 
place or not. 

It 
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a It muft, however, be allowed, that the Moon's 
atmofphere, if it has one, is certainly much le(s 
confiderable than that of the Earth. For there is fcl- 
dom any appearance, in an eclipfe of the Sun, of the 
remarkable phenomenon (158, 0> that the Earth's 
atmofphere is (hewn to produce in a lunar eclipfe*. 

i * The Moon turns round on its own axis once in 
the time of its periodical revolution. This is evi- 
dent, becaufe the fame face or fide is'^conftantly 
turned towards us. For a fpeftator on the Moon 
will ftc the Earth carried through every part of the 
ecliptic in the courfe of one revolution j and as the 
fame face of the Moon is cohftantly turned towards 
the Earth, it muft be fucccffively turned to every 
part of the cdiptic to which the Earth apparently 
moves/ But if it be fuccfeffively turned to every 
part of a great circle in the heavens, it muft revolve 
on its axis. By this flow rotation, it appears, that 
the inhabitants of the Moon have but one day and 
night in the courfe^ of a month. 

T This rotation on its axis is the moft uniform 
motion the Moon has ; but its uniformity occaQons a 
feeming irregularity, which is termed the libration. 
For as the Moon's motion in its orbit was (hewn to 
be not uniform (143, r) the.efFe£fc it has in turning 
its face from the Earth is likewife fubjeft to the fame 
irregularities ; for inftance, in the fwifteft part of 

the revolution, its motion in its orbit turns its face 

* - . • • 

* ^See Philofophical Tranfa£lions, Anno ^770, for an ac- 
count of the folar eclipf;: of June 24, 17789 in which this 
appearance was feen by Don Antonio Ulioa. 
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from the Earth fomcthing more than the rotation 
on its. axis turns it the other way, and therefore it 
appears to have a fmaU motion on its axiS' towards 
the eaft, by which fomc of the more weftem par^ 
are brought to view, and an equal portion of the 
caftern limb difappcars- In the flower part the 
contrary is feen, for then the rotation on its axis* . 
prevailing, brings the weftern parts into view, ancl 
, the eaftern difappear,. This is calkd libration io 

longitude, :? 

There is another kind of libration that arifes. u 
from the Moon's axis being inclined . to the plane of 
its orbiti by which means fometimesone of itspoles> 
and fomedmes the other, is inclined towards the 
Earth. In confcqucnce of this, we fee more or lefi 
of the polar regions at diSerent dmes» This is 
calkd libration in ladtude. 
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CHAP. XII. 

r ■ ' ' ' 

6f the telescopic appearances of the sun 

and the planets. 

r *Tme San is no* without foots on its^c, but 
they arcTeMom fb large as to be fcen by the naked 
eye. When viev?e(f'with a telefcope, the eye be- 
ing defended by a piece of coloured or fmoked 

' glafsy they We found to appear in various forms and 
numbers* The larger ipots, moft of which exceed 
riie v«4iole Earth in apparent magnitude, laft a con- 
fidcrablerime; fomc times three months before they 
difappjear, it which time they ard generally con- 
verted into faculse, or fpots, which exceed the reft of 
the Sun in brightnefs. They are of no conftant 
figure^ frequendy changing during the time of 
obfervation, and fometimes one dividing into fe- 
veral fmaller ones. In general they confift of a nu- 
cleus or central part^ much darker than the reft^ 
which is furrounded by a miftinefs or fmoke. The 
general opinion concerning them is, that they are 
occafioned by the fmoke and opakc matter thrown 
out by volcanos or burning mountains of immenfe 
magnitude; and that when the eruption is nearly 
ended, and the fmoke diffipated, the fierce flames 
are expofed and" appear as faculse, or luminous 
fpots. But Dr. Alexander Wilfon of Glafgow has 
eftablifhed from obfervation, that moft, if not all 
the ipotSj are excavadons in the luminous matter 

that 
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that euivM:on».thf:b€idy Q€ite Suo, probabljf » m 
great d<;f>th •. At prefent <anno 1779) they' are 
often fe« to the nUmbcr: of thirty or Wore, buc 
thcrc.have; been pcriodsicf more thar^ fcren year% 
IB which, none have been obfcrvcd. 

AU the fpots ofHtho Sun have an apparent motion w 
from e$ft .to wefli which Js quicker when they arc 
xie^r thA central regions than when iU:dr the limU 
Tilhis proves that the Sun revolves on its axis frotQ x 
!(veft to caft, and like wiie that its figure is IphericaL 
The period, as obfervcd by Qaffini, is ' as d^ys, 14 r 
hoor^,. 8 minutes. From the line of the motioiii of; 
the ,fpot$, which, isfometimes ftrait, \i\it oftener 
curved or cUiptic^^ fit is difcovered that its axis i$ 2 
not perpendicular to the ecliptic, but inclined foas 
40 make an angle with the perpeadj^ul^r of aboQt 
/even <iegrecs and a ha)& . . ; : -. . » 

The zodiacal light is attributed to; the folar atmoy a 
!fjihefe. Thb remarkable. phenomenon accompanies 
t^j^e £un. When it beginS..to appear before fun-rife, 
"it ^ijiS(:At firft f^ght-like a .faiatj and alnaoft iroper- 
^ ^eptible.rwhidfti . light, refembling the milky-way, 
ind ill-^ terminated, which isalmoft confounded with 
' ^he t^^ight that is fcert comttiencing near the ho- 
rizon. It is then little elevated, and its termination 
i may ibmetimes be difcerned in a conic or conoidal 

foriJ>' In (hort, its figOre agrees with that of a very 
itot or lenticular fphcroid feen in profile. As it 
grs^dually rifcs above the horizon it becomes brighter 
and larger to a certain point, that, may be called 

* PhilofophicalTfanfadionsi 1774* 

its 
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Its maiumum^ after which the ^proach tS day 
rendcrs'lc gradually lels apparent, and* at laft iavi« 
"^fible* The dire(5tion of its longer apparent aads is 
obferyed to be in the plane* of the Sun's equator; 
but its length is fubjefl to great variation^ (b chat 
the diftance of itsYummit from the Sun varies from 
45** to even 1 20*. Thefe great difierences^ in mag- 
nitude and brightnefs may perhaps depend confider* 
ably on fbme> yet unknown> circumftances in our 
atmofphere. It is ufually feen to the greateft advan- 
tage about the folftice. 

It has been fuppofcd, that this atmofphere is the 
caufe of the aicent of the vapour which forms the 
tails of the comets, and which is always carried to 
that* part of the heavens which is oppofice the Sun. 
But the direftion of thefe vapours may perhaps be 
determined by the aftion of the particles of light 
emitted from the Sun« 

r 

The planet Mercury is at all times fo near the 
Sun, that we can only diftinguifli vyith the telelcope 
a variation in its figure, which is fometimes that of 
a half Moon, and ibmetimes a litde more or lefi 
than half. Whence it follows, that its form is 
globular, and that it receives all its light from die 
Sun. 

The planet Venus, when viewed through the 
telcfcope, has a very pleafing appearance, ^t the 
"time of its grcaceft elongation it appears like the 
Moon in the quadratures ; one half of its difc being 
enlightened. In the inferior pjjrt of its orbit, as its 
elongadon decreafes, the enlightened part becomes 

N lefs. 
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Ic&i appearing falcated or horne^ j after pafSng the 
inferior conjunftioo, the planet is again fcen hqrned. 
but the illuminated pan then increafes^ and at (he 
greateft elongation, half its difc is again fe^n enlight- 
ened. In the fuperior part of its orbitj as its elon« 
gation decreafes, its face becomes more full and * 
round, tilUhe fuperior conjunflion, after which dme 
it \& again diminifhed by the fanie gradation as its 
increafe w^s in the fornner cafe accomplilhed. 
There is no difficulty in accpunting for this variety 
of phafes, it being occafioned by the different poli- 
tions of Venus with refpedt to the Sun and £ar(;h : 
for as the enlightened face of Venus mufl df courie ' 
be always oppofite to or faciog the Sun, it will be 
more or lefs vifible to us according to our fituation 
at various times. 

The furface of Venus is diverfified with fpots like K 
our Moon, by the motion of which it is determined, 
that it revolves on its axis from weft to eaft in the * 
fpace of twenty-three hQurs. When the air is in a 
good flate for this kind of obfervations; mountains 
like thofe in the Moon may be difcerned, with a 
very powerful telcfcope. Late obfervations of 
Herfchel have however rendered thefc accounts 
uncertain*. ' 

The face of the planet Mars is always round and f 
full, as its Superior fituation requires, excepting at 
the time of the quadrature, or elongation of 90 de- 
grees, when a fmall part of the unenlightened hemi- 

* Philofophical Traifaaioni, 1793. 
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fphere being turned towards us^ its difc appears like 
the Moon about three days after the full 

By the Ipotson Mars^ its diurnal revdudon is 
afcertained in the dire^on frdm weft td eaft. 
From the ruddy and obfcure appearance of diis 
planetj as well as ^m other appearantes^ it is con^ 
cluded9 that its atmofphdre Is nearly of the lame 
denlity as that of the Earth. Mr. Herfchcl has 
oblervedj * that two circles fiirrounding the poles of 
this planet are very wliite and luminous^ probably 
from fnow lying there. 

H We have already had occafion to fpeak of the 
fatelfites of Jupicer and Saturn. The annual paral- 
lax of diefe planets is not confiderable enough to 
bring any fcnfiblc part of their dark hemilpheres to-^ 
wards us in any pofition of elongation; confe- 
quendy their faces are always round and full. 

1 The teleicopic appearance of Jupiter affords a 
vaft field for the curious enquires It is ^i gene- 
ral encircled with one or* more obfcure belts or 
bands parallel to^the plane of its orbitj and confe* 
quendy to each other. Tbefe are not regular or 
conftant in their appearance. They have been 
feen to the number of five; and during the time 
of obfervation two have gradually difappeared* 
Sometimes but one is feen; and fometimes^ when 
the number is more conGderable^ one or more dark 
ipots are formed between the belts^ which increaie 
till the whole is United in one large dufky band. 
The fpots of Jupiter are the brighter parts of its 
furface, and arc not permanent^ though more fo 

than 
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than the belts; yet it is found that they re-appear 
after certain unequal intervals of time. The remark-^ 
able fpoty by whofe motion the rotation of Jupiter 
on its axis was determined, dilappeared in 165114^ 
and was not feen again till 1708, when it re- Appeared 
exadly in the iamc place on its furfacei and hs^ 
been occalionally feen ever fince. 

It has been conjedured^ that thefc belts are H 
lea5> and that the variations obferved both , ia 
tturm and die fpota are occafioned b^ ride^ which 
9re differently affe&ed, according to the pofidons 0^ 
hi$ moons. It is probable^ however^ that they are 
in its atmofphere. I fan obferver, pofle0€rd of fkill 
and patience equal to the taflc^ would delineate the 
phaics of Jupiter for the fpace of a pericidical reva* 
lutionj notmg at the fame time the pofitions of his 
latellites, this opinion might be either eibiblifbed or 
rejedled: but at all events fuch a feries of ob(er« 
vations could not fail to throw great light on die 
lubjeft* 

The very great dlftance of the planet Saturnj and t 
the tenuity of its lighti do not permit common 
obfervers to diftinguifh thofe variedes which it b 
probable are on its furface. Herfchers telelcopes 
ihew belts on its furface. Thefe are generally pa« 
rallel to the ring. Saturn is found to revolve 
on an axis perpcin^icular to the plane of the ringi 
and its dijuneter is fhorter than that which is 
meafured in the plane of the ring in the pro« 
portion of 10 to xi. The ring itfelf is inclined . 
CO the eclipdcs in confequence of which^ its ap« 

N 2 parent 
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partrtfc fi^urfc IS continually vkryiiig; When the 
lihfe of I'ti nodes points direflljr tbwafds tJie 
Earth, thfe rlng> prefcnting itt edge to the dbfer- 
Vfer, bfecbhifes invirlblS to cormttoh tclcfcopcs: if thi 
lame Mnft poinfs dircftly ttoWirds thi Sun, thfc ring 
bctoihes Invliibfe for want 6f ilhinriwtibnt and 
laftly, if the plane bf the ring paCfes bet^Wftii die 
Sutt and the Eirth, the ring cannbt ri*n be feen, 
IJecaufe it^ dark fede k towards us. At alJ odier . 
times its figure is that of an bVal, which is btoader 
6r naitowef actdrc&^gly as the- line of the nodes is 
ferthtr ftom or nearer to the above pofitiims. 



t M A P. XIIL 

Of THE LS^NGTH OF DAYS ANP NIGHTS, AND OF 

THE SEASONS. 

M We have feen that every planet which is accef- 
fiblc to obfervatJQn has a revolution on its axis ; the 
intention of which is, undoubtedly, to give alter- 
nate night and day to every part of thefr furfaces. 
An inclination pf the axis of any planet to the axis 
of Its orbit, by caufing the length of days and thfc 
intenfity of heat to. vary, will occafiion a viciHTtude 
of feafons. On this account Jupiter, whole axis is 
nearlv rperpendicular to the plane off ics orbit, has 
equal days and nights on every part of its furface at 
•th^ Tame time, the days being fotir hours and twcn- 
ty-eight, minutes, and the nights of the lame Icngcli. 
But the planets Mars and Venus, wliofc axes arc 

inclined 
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ifieliqed to the pMw Pf ^i"^ »«fpe^w ftrtriu, 
hal^ each s^ annual cbai^ge of ffaions ^d )?ngt^ 
of 4iyfi. The E^^Ftjii ior ithe i^Q)e rqifon* h^ $l 
fimiJar viciflTitpcJfe ^hp .explanation \<?f i;v4i^ch wjp • 
rcnd^ it unncwiTary ,tQ 45nJ?rge qn tl)p c^fiHn^mnccs 
of % other pJaflpts, ^ 

. Foe this purpQie it )vi)l be ufef^l tq 4^qe tbp^ n 
imaginary (:iFc}e^> .whie}i aftrpn^m^s and geogra- 
phers h;|ve inyc9fc^ fpr the gyrpof^ of p^pthp^izing 
and facili^ing (h^ comipuni^ttop of fcicnce. 

On the Earth ^ great f irc^» fuppofed to be o 
^rawn at an eqwl^il^nce from ^^f^ pple» U termed 
the Equator : leis circle^ drs^Wfi 5^S^^^ ^ ^^ 
^quatpr arc called Parallels of L^it^c ; and grcfit 
circles interie&ing^e eqxiHtor at r}g|it iangles,. aad 
confequcntly pafljng through the poles, ^re c^led 
Meridian^ Que N^hen t^e rperidif^ p^ a pl^ce is 
ftjoken of, it .is \t^jaJ}Y ua^r&i^,u^ b« ^fc^i- 
•drple pftflSng ^fOi;^8h,^e giv^n fJafCj ai)d mv^i- 
mdag at the j^^. Jhe qi^bier l\al( yib\c^ cgqa^ 
pieces that whole, cij-irfc, jc {h(en-.cjl|?d tt»f QpiH>fitc 

Jn ,thc hsfiue^,^ great ciff^jp^cl tp ^e p 
ieq^^tof, f^ tftfne^rit|wp:..C«Jffti^ .#WWP^f ^)^it^ 
I J<jf§-9Vcies piwaUfi t?!it;8jr?ic?llejl. PfitfHe|5|of pxs^Ji- 

-mmhfif^ ^^^ g^^^y^}fi^ wter^^^it at rj^ht 

angles, and palling through the celeflial -jipliss of 

.•.«fcfi,^afffe,,jir(e qil?ji .l^.w ^jrfilfs,, pr , circles of 
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^• TM ecliptic ^ fbttf gfOit CK<^e in ^he Ijc^ycps, a, 

•» yfhifk. ths ^m ;^crijbes i$$ .fipiWfQt annual 
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courfe: kfs circles, drawn parallel to the ecliptic, are 
csdled Parallels of Latitude ; and great circles inter- 
fe£ting it at right angles, and confequently pafling 
through its poles, are called Celeftial Meridians. 

It The horizon is that great circle which divides the 
viflble or upper hemifphere from the lower. If this 
circle have the eye of the obierver for ks center, 
It is called the Senfihle Horizon ; but if its center be 
that of the Earth, it is termed the Rational Horizon. 
To this lad all agronomical obfcrvations are reduced 
or applied \ the former being only confidcred as one 
of the parallels of aldtude. Lefi circles, parallel to 
the horizon, are called Parallels of Altitude, if above, 
bur of Depreffion, if below, the horizon, and the 
great circles interfering it at right angles, are called 
Azimuths. 

5 1 he point of the heavens, which is immediately 
above the obferver, or is elevated 90^ above die 
horizon, is termed the Zenith; the oppofite point 
immediately beneath, or at 90*" of depreffion below 
the horizon, b tc;rmed the Nadir. 

T Latitude on the Earth is an arc of the meridian, 
contained between a given place and the jcquator^, 
It is meafured in degrees and minutes of the meri* 
dian. In the heavens it is an arc of die celeftkl 
meridian, contained between a giv^n place and the 
ecliptic •• ^ : ' i-\/ 

V Longitude on tfat Eafi'th is an arc of the equatorji 
contained between the meridian pkfBng thr<^gh a 
given place and the fkft meridian* tt never ex- 
ceeds a fcmiciicle, Ih^ fir ft mvridian on the Earth 
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IS arbitrary > but the Eiigliih aftronomers in gjeneral 
reckon from that which paflcs through the obIerva»» 
tory at Greenwich. Longitude m the heaycns is an 
arc of the ecliptic, contauned between a given me« 
ridian and that which paffes through the firft point 
of the conftellation Ariesi the fud point being 
always at the weftern extremity of the arc. 

Right afeenfion is an arc of the celeftial equator, r 
confined between a given hour circle and that which 
palles through the firft point of th|e conftellation 
Aries ; the tixd point being always at the weft«ra 
extremity of the arc. Declination is an arc of the 
hour circle, conuuned between a gpiven phice and 
the e(}uator» 

The circle which divides the enlightened hemi- w 
fphere of a planet from its dark henufphere is called 
the Terminator. It may in moft csfes be confider* 
ed as a great circle* 

Let NEsq^(fig,62and63) repreient the Globe x 
of the Earth, and c the Sun : then the circles n m s» 
H M s, &c« will reprefent the meridians interle(5):ing 
the Equator £ <i.at right angles, and paffing through 
the poles n and s. The lines pp, pp,. Sec will re^ 
prefent the parallels of latitude ; and the line c m 
will reprefent the plane of the Earth's orbit 

Now it is evident, that it is day at any given ^ 
place on the globe, lb long as that place continues 
in the enlightened hemiiphefe ; and that when by 
the diurnal roudon it is carried into the dark bemi* 
fphere it becomes night i twilight not being here 
con(idered« And from the contemplaoQn of figure 

N4 63, 
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^3» it afjpatff^'fltait if the ^6s b^ ficudMd in <he 

' trrihiHMdi'^ ihd ttffmifiatof ^ll di^idtf each of the 

^ ^taild^ illCd rifri^^ el)ual parts, ^nd eonfcquenttyv' 

filiGe ^if ttnlfdrttl m&tion of the Earth cMies any 

gWaa plkee td daft^lbe equal {iafts of its parallel iw 

dc[ti&I tii^Si the dayi and Dightd will be equal cm 
every parallel df latitude t that is tofay> all over the 
gl6b«> «x€tpt at (he poles^ where the Sun will nei- 
(her Hfe nbf ftt^ but Mmaflue in the horiaon. 

z ' But i^ as ih figbre 63> the ixts be not placed in 
Hie jphAe 6{ the tei^inin&tdr, the terminator will di* 
fi^th6lfi}0ftd#thfotWoii4^allMrtSj bat the pa-^ 
hOkhr niUah a% 4i]^ated tbWards the enlightened 
pole will have a greater part of their peripheries in 

'V the edlig[htenediihan in the daHc hetnifphere ; while 
fiflfnlar parattelrcDivand^ the othir pol^ will have a 
Iffot^ater'^ paivoSf dieir peripheries in the dark 
hemiiphere. Whence it follows^ that the firft* 

^ tnientibned paraileb will mjdy Ibliger days than 
iti^t^^ antlthe contrary will happen to thelaftt^ 
ihey having fliik^ter days atad longier nigbcs i , while 
at the i^quacor the days- and: tights contiiHue equaL 
All \kh fe evident (roiti the figure, where it is 
alio tsbfervable, that the dil^roportton is greateft 
in the greater latiAides ; and that places, whole 

^ dfftance from the pole is lefs than that of the pole 
^iftn the tnminato^, mtift^ enjoy either a conftant 
day t>r conRaht nighty the rdtatioc^ of the Earth 
fifever carrying tfacrn into the bppoiite hemifphere, 

A In this IpoQdon of the axis the inhabitants wi the 
one fide of the equator itiay iie find to cn^y iam^ 

men 
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tatty and thofe on chb other fide wioter^ with refpcA 
to each other. Fqr the lot^ duratibn of the Sun 
abote the horizon muft occtfion a proportionally . 
greater d^ree of heat, and its longer abience from 
places" fituated in the 40ther hemi^betie tnuil. have 
the contrary efie£b» 

But this is not the only caufe of the difference of b 
heat at the diffen^tit'places^ A fpeAator^t a, which 
is 90"^ diftant from the terminator,: wilf have ihc 
Sun in the zenith 1 a fpedhKpriat ^'pjwill fee the Sun 
in the horizon $ and, for eveiy intermedia^e dil>- 
tance, the arc of a great circle comprehended be^ 
tween the terminator and the place of obiervacioii 
will be the meafure of the Sun's altitude* Thene^ 
fore every parallel between q^ and the entightehed 
pole will have t\A mcfridiah altitude of the Suo> in* 
creafed, by the arigle n m T,i beyond what it would 
have been had the pole continued in the plane of 
the terminator t and every place between (^and^ 
dark p6}e will have the 'Sun's meridian altitude din 
'ininifhtd by the fame Quantity. Between o and 'ci^ 
die former "altitude thus -k)creafdd/:^ki%vd fucn 

greater than 90% the altitude mud be meafured 
by its complement. ,And bctwc(6*n" s ahd Tthe 
altitude will be a negative quantity^' pr ^>cneath the 
horizon. This diflFei^nce of the . ^^itudes of the 
Sun muft caufe an increafe of heat towards the 
enlightened pole, and an equal diminution towards 
the dark pole. For the greater the Sun's altitude, 
the more -dire^y its rays fall on any furface i and c 
in furfaces of the fame magnitude the quantity of 

light . 



s86 THB eAirsB^ of ^he^ 

light received by etch is as the fine of the angle 
of oblk}uicy with whi(^ the rajrs Mi *• ' 

It remains to be ihewn> that tbeie relative fitu- 
mions of the axis and the terminator take place at 
different tinifes of the )Fear» .with re^A to the 
Earth; which being proved^ the viciffitude of fea^ 
Ions muft follow as a necef&rjr confequence. 

In fig. 6^. Let c reprefent the Sun, ab d o 
the Earth's orbit, nearly circular, but which bdng 
viewed obliquely, appears like a long ellipfis, of 
which kt the part b d be fuppoied neareft the fpec* 
tstor. And let the four circles, diflinguiflied by 
ihe months March, June, September, and De- 
comber, reprefent the Earth in four federal parts 
of its orbit, n s being its axis. 

Ob(eryation (hews, that the axis of the Earth 
ahrays preferves ycrf nearly the fame pofition with 
feQ)e<St to the fixed ftars; being inclined to the 
axis of its orbit in an ang}e of about 234- degrees. 
It will not therefore preferve the fame reladve po* 
iition with refped to the terminator. For when 
the Earth is in the fituation diftinguiihed by the 
i . .- • 

"f Let the line a b (fig. 64) reprefent a furface. on which 
the column of light noab. falls perpendicularly. A far- 
face A c, of the fame magnitude, receiving the fight ob- 
liquely Bnder the angle j c k» wUl intercept only to much as 

■ 

would have hiha on the fpace a b ; and another furface a n> 
Teceiving the light ftill more obliquely under the angle l m» 
will intercept only fo much as would have fallen on the fpace 
A p^ But the fpaces or IFnes a e and a f are the fines of the 
angles of obliquity j c K and 1. d M ; whence the propofitim 
is evident. 

month 
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month March, its axis will at that time be in the 
plane of the ttrminatort and confequently the days 
and nights will be equal all over the globe ( 1 8 j, y) : 
but when by its annia} motion it is carried towaids 
Ay the north pole m, the axis ftill preferving its pofi* 
tion or continuing parallel to itfelf, will advance 
into the enlightened hemifpherp, and in the mondi 
of June wiil be 134- <l^grejes diftant from the tec« 
roihator, as in the fcheme, the Ibuth pole beings 
at the fame diftance in the dark hemifphere, Tben^- 
fore in the month of June the northern paits m^ 
enjoy long days and fummer, while. the foutbem 
paru have (hort days and winter (184, aX ^ 

During the interval between the time o( <qvai o 
da/s and nights in March> ^^ch is ^called the 1 
vernal equinox, and the time when the day is 
longeft in June, which is called the fi]mit;er ibl<^ 
ftice, the nordi pole will have defcribed a quarter . 
of a circle in the enlightened hemifpheife with i^- 
fpciEbto the terminator, and confeqaently will be 
at its greateft. diftanCe . from iv From that dme 
it will, by defcribing the other quar^r, approach 
the terminator, the days gradually ibortemng till 
the Earth arrives, at the poficion denoted by the 
month September^, when, the axis again ccnnfeidiog 
with the plane of the terminator, the d^ys and 
nights will be cquaU This is called the autumtnal 
equinox. During the next quarter the norths pole 
will drfcribe a quarter of a circle in the dark he- 
mifphere, and the days will ihorten till December^ 
when the pole will be juft as far within the dark 

as 
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si: in Jtikc iv^ns ia the* ex^ghtBnpd heihifphere^ 
which tinie is qafied themriiater. folftice. From thp 
-'winter folftice to the^er^ leqpinox, the days will 
v^lengcheh as the pole apprdaches the terminator; 
^ -an^: at the : inftai^^ in which -the x^\$ again coin- 
cides with its pknre^ tUe natural year, confiftingof 
365 days, 5 hours, 48 minutes, and 45*4^ feconds, 
'tis fimihed. •■ • -'b .. ^ ; i. ' 

h;: It is eafyoo csonceive, by applying the fame'ex- 
-pl^aition €0 the ibuth pole inrfbsad^bf th^ north, 
S'thiit the inhabitants of : the fMiiicnn heMfphere 
'Mve the ikne iScii&ijdes^ 'ithough not at the fame 
time; forkos whiter txrM>ne hemifphere while it 
• 'k&ntmer. in. the other, *&c.:&Cw^^ 
IV Asilthe,pote :fe (fig. 6a) .advances in the en- 
^lightened hean^here, the Sun will be in the zenith 
[6(^^p\mai\Gy as far diftant fron;^ the equator, as 
t^»pole 49.iifr0m the J t^rmmator; therefore the 
, .gpreateft iMtUfle at which {he §tin can be vertieal 
'ih iji degrees. The parallels of latitude on the 
:)!Ei3rth of 2^4 degrees )N. ^and .S. aa alfiiihe,. cor- 
i^refpondeot^^^^ilels of declinadon in'/tM heavens, 
--are called thes^Tropi^s, 'Beoatrfc the\Sun.^iuhen it^ 
arriyifcs' ilt- them* afterwands-r^corjis* towards die 
' ec|ua€br. ^TheSon^'whwit-^rriytsat the ikwthern 
tmpic,' is'jult^^iicering the fign Cancef, ^d*wh'cn 
li it ai^rives^at tbol&utberri'iropiciis^^ juft entering, die 
'^ fign Capricdrnpiifop which ireai(b]|4he hbrthem: ^trp^ic 

is called jtTie Tr6pic of Cancer, and ^^bc : foUthern - 
■\ tri^ic the'Trof^c of Capnccnfm ^ ; . ,t»; 

C H A P# 









uzrJliountain*f JTc^, ft . 






■ '^ ^ ^ ^ A 






^ 



HarrA 
S 




'•••,'. 



a 







... '' s 




f^^ 






1> 



^ Se/uqriAsFuj^.d^. . , .' 




^ m/Avtrrihii^ O^/f^r/iA'AfjFf}/.^^ 



^ 




r 



{ 



\ 



FIXW ' STAKS. ' 

« 


k 


•' . • . . . : . 

■ '• • . . 1 

. C H A Pf XIV. v 




OF THE "^tlltin ' StARS. 





'»!> 



« .« • I 



Thoo OH ia a fomrer ^chapter jjifiiw ^fibi^ioQ it k: 
V^as mentioned ( 104) thactiiBicladve&UYtioiis 6f the t 
fitted ftars do npt r^'y ]pet that afiEentioilfis not eo he ; 
tmckrftodd in abfolute ftridnefs. Inf thii coiUf fe of ages 
fcveral variations hate feeen obfi;rved amongftthc*. 
Some of the larger ftars have not the fameprecife 
fituationS that ancient obfervations attribute to them; 
and It is probable that the inftances of this' 
kind, would have been iHXKrh more numerous if 
accuracy of bbfervation had riot been confined to tt' 
very late period. New ftars have lite wife ap- 
pcaredr-from time to time, and fcveral of thofc 
whofe places* and magnitudes are infched 10 the 
old catalogues ar6 not *tiow to be fotirid. Some 
of the fixed ftars arelikeWlfe found to have a pc« 
riodica^ increafe and decreafe of magnitude. 

The bright ftars Ar6turus, Sh-ius, Aquila, and L 
Aldeb^an, have been obfcrved to change ihelr 
placfes. * The .firft is found to move towards the 
fouth, about 3^: minutes of a degree in a century. 
Sfrius has advanced about 2 mi«utes to the fouth 
in a like period. The changes of place in the twtf 
latter are yet fmaller and lefs fetried. 
\ All the ftars fpoken of in the prefent chapter M" 
arif' fiibjeiSt to no parallax {^130, z), according to 
/ . the 
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the mod accurate obfenrations by which mod of 
Acir places were fetdedi and fome of them have 
been obferved with inftruments of fuch delicacy^ 
that it is prefumed their parallax would have been 
iceni if it had amounted to one fecond of mea« 
fure* 

K VTithout attending either to the eekftial changes 
recorded by ancient authors> who for the moft 
part were not aftronomers> and paffipg the lefs ob- 
vious mutations in fiknce, we Ihall here note a 
lew of the moft remarkable new or changeable 
fiars. 

p On the 8th of Novembjtrj 15729 Cornelius 
GemmA attencjlvely confidcred that part of the 
heavens which is called CaflSope's. Chair^ and per-^ 
ceiyed nothing exitraordinary. But die foUowiag 
night a new ftar appeared> forming a perfed rhom- 
bus with the jtbrce ftars a^, C> y, of that conftel- 

' lation. Its fplendor exceeded that of Jupiter ^hen 
greate(l» and was fuch^ that it was feen even in 
the day-dm^. Tycho Brahe, who faw it on the 
iith^ determined its Ipngitude 6'' 54^ of Taurus» 
with 53"" 45^ N. ladtude. It began ta diminifli 
in December^ and became gradually lels confpi- 
cuous> till it difappeared in March^ 1574. ^ This 
remarkable ftar had no apparent modon, and 
confequently no parallax^ and its appearance was 
iparkling and clear^ like that of the other fixed 
' ftars. It has not fince been ieen. 

r September^ 1604^ O. S. the fcholars of Kepler 
obferved a ftar in the right leg of Serpentarius« which 

was 
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was not there the night before. Its loftre ie':ms to ' 
liave been nearly equal to that of the new ftar in 
Calliope ; fot h is defcribed as ^xeeeding Juptter ia 
brij^htnefs. It gradually decayed like that, and in 
» nearly the lame time difappeared, not being per- 
ceived after the beginning of Januaryj i6a^ Its 
light afcenfion^ as obferved by Kepler, was coii>- 
Aantly asS"" 57% and its declination aioi^ S. 

The Prft flar that was obferved to have a perio- 7^ 
t!ical change of brightnefs was'dilcovered by David 
Fabricius in the neck of the Whalej on the 3d of 
Auguftj 1 5 96, 0. S, Its greateft brightnefs is equal 
to that of a ftar of the third magnitude! and it is 
fcarcely ever fo fmall but it may be feen with a fix 
foot tclefcopc. The period in .which it pafies 
through all its changes, is^at a mean 334 days, but 
no part of the phenomenon i*^ pcrfc^ly regular. 

Three changeable ftars have been obferved in the x 
conftellacion of the Swan. The firft difcovered is 
near the liar y in that conileilation. Its^ greateft 
luftre is kfs than that of a ftar of the third mlagni* 
tude, and it diminilhes to that of the lixth magni- 
tude. Its changes are far from being regular, and / 
. do not take place but after intervals of ten or more 
years. 

The next and moft remarkable of the changeable s 
ftars m the Swan is marked x ^Y Bayer. This is 
more regular in its returns than the preceding, 
though its magnitude is feldom greater than the . 
fijtthi Its period is fettled at 405 A days, and its 
greateft luftre in the year 1785 was about the 
14th of July, 

The 



T . Tbe third was feen near the head of the Swan 
on the 20th of June) 1670^ of about the third 
magnitude, and was fo far dinj«^ihed by the Oc* 
tober following as to be fcarody vifible. In the 
beginning of April, 167X9 it was ag^ feea rather 
brighter than before, and, diminishing during that 
month, became once mor^e at its greateft brilliancy . 
at the beginning of ^.lay. ^y a comparifon of 
the& obfervacions, its period ieemed about ten 
months* It difappeared about the middle of Auguft, 
and was again ieen on the 29th of March 1672s 
fincc which time it h^s not appeared. 
u ' The ftar Algol, or Medufa'^ head, has been long 
fince obferved to appear of different magnitudes 
at different times; but the difcovery of its period 
is due to John Goodricke, E(q. of . York, who' 
has obferved it Gnce the beginning of the year 
1783. It periodically chajiges from the firft to the 
fourth magnitude j and the time employed from 
one greatefl: diminution to the other, was, anno 
^783, at a mean, 2 days, 20 hours, 49 minqtes, 
3 feconds. The change is thus. During four 
hours it gradually diminiflies in iuftre j during the 
fuccceding four hours it recovers its firft magni- 
tude by a like gradual increafe 5 and dtwing the 
remaining part of the period, namely, 2 days, 
12 hours, 42 minutes, 3 feconds, it invariably p^- 
ferves its greatefl: Iuftre: after the expiration of 
which term the diminution again commences, &c. 
y ' Many of the fixed ftars, upon examinapon with 
the tclcfcope, arc found to confift of two. The 

■ number 
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AUn)ber obfcrvcd before the time of H^rfbhcl * wasf 
but ftnafH-} but that celebrated aftronomer, who' 
jftands unrivalled for the excellence of his inftru* 
tnents, and his (kilful induftry in ufing thenij has 
noted upwards of four hundred. 

Befides the phenomena already mentioned, there w 
arc many nebute; or parts of the heavens which are' 
brighter than the reft. The moft obvious to com- 
mon notice is that large irregular zone or band of 
light whicji croflcs the ecliptic in Cancer and Capri- 
torn, and is inclined to it in an angle of about iixty^ 
degrees. Other nebulae are feldom fo large as to 
be feen by the naked eye> to which they appear as 
finall ftars. If the telefcope be applied to them^ 
they feem to be luminous fpots ofvarious figures^ in 
feme ififtances with ftars in them. The number of 
nebulae afcertained before Herfchel are about 1 03, 
and that obferver had detefted 466 more^ previous 
to the month of April 1784. Many of the nebulas 
arc refolvable by the telefcope into cluftcrs of fmall 
ftars ; and it is found that telcfcopes of greater power 
"refolve thofe nebulas into ftars, which appear as white' 
clouds in inftruments of lefs force. Hence there is' 
good reaA>n to conclude that they all con(ift of 
dufters or prodigious aggregates of ftars. 

Dr. Herfchel has rendered it highly probable,* x 
both from obfcrvation and well-grounded conjcfturcy 
that rhc ftarry heaven is replete with thefe nebulas or' 

* Dr. Herfchel's numerous and important difcoveries are in- 
ferted in tjiejate volumes of the Philofophical Tranfadtions, 
as are alfo the account) of Algol. 

' 'Vol. I. O fyftems 
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fjS^fBn of ft»n of vvious figurai, ^ad diat the 
QMiky v^ u that pardcidtr nebula in which oup 
$\ID b pfaiced. Nothing more is necefl^ in or* 
^ to account fpr the afipeariuKe it cxhibics^ <hm 
to aflume its figure as being much m^re ei^iondcdi 
tp«$(rds the apparent ^ne oi illuffiinaripR thun in 
Other dire^iQas. An4 the obfervaaons qrk the va^ 
iipu« figures qf the nebulae rencier thi^ fuppoGtioa 
ffirf^Gdy aUowab|e^ 

Th^ W4Pt of an aqnual parallax in the fixed ftara 
eyioi^efi, l^h^t 9 luminous body^ whofe diameter is 
Ogu^l to that of the Earth's annual orbi^ would not 
f^btcnd a f^|i|;>le angle if feen from the fixed ftars. 
Mw;h Ids jherefprc: would the Sun^ if viewed from 
f^(:h a diflance. It may therefore be &irly con- 
ducted that <;he SuRji wl^n fe^n frpcn any fi^ 
&9h Vkv^ have much the fame appei^rance as a 
fix«dibMr feen frqm hence : oo iq other woids^ the 
fijed ft^s are funj. 

R^aioning then analogically, as f<ur as die na^ 
ture of the fa6ts we po^fs will adoiitt it may be 
deduced ;^ firft, that the umverfe confi0:s of nebub^ 
^ or diitinft fyftems of ilars$ fccondly, that ^cb ne« 
t^^la is comppfed of a pirodigious number of (uns, 
or bodies th^t fliine by their own native ^lendors 
thirdly, that each individua,! fun is .deftinpd to 
give li^ht to hundreds (124, r. <^|^w« 164, «) 
qf worlds that revolve about it, but which caft 
no mor& be feen by us, on account of their great 
diftanccj than the folar planets can be fccn from the 
fixed ftars. 
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Yetj as in this uncxfdored^ and^ periiapsj unez*^ a 
ptorible abyfs of fpaccj it is no neceflkry condiboa 
that the planets (hould be of the fame magnitudes as 
dioft belonging to opr fyftenit it is not improixible 
but diat planetary bodies may be difcoTcred among 
the double and triple ftars. 

Our curiofity is much interefted in'the contem* b 
placion of the phenomena of new and changeable 
ftars> but the caufes that may be offered with ^ufl* 
l^ility tta iblve thefe appearances are not mznf. 
" If the light of the Sun and fixed ftars be ima» c 
giqed to proceed from a combuftion fimilar to chat 
which is reqiured to produce light in our experf* 
fnents/lrmay happen that when all the infl^mmaUe 
inatter is ^compofed the ignition may ceafe. O5 
if a mafs of matter adapted for bflammation begin 
by .any caufe to burn* its ignition knd cmiffion of 
light will then commence, t'heft confiderarions 
may explain the difappearancc of fome (larri> and the 
appearance of others. And as there are no data to 
fix the time between the banning and end gf the 
appearance^ the flars may laft for any given dme^ 
according to circumftances. 

The fpots on the Sun (174, v) have afforded i» 
a conjecture refpefting the caufe of the periodical 
change of brightnefs in fome liars. For^ if a ftar 
be fuppofed to have a fpot of confiderable magni« 
tude^ and to turn on its axisj it will be much brighter 
when the fpoi is not on the vifible difc than when it 
is. However^ it mufl: be confeflfedt that the pheno* 
mena do pot in general agree with this fuppofition^ 

O 2 which 



which cannot eafily be, reconciled to the permanent 
brightnefs or obfcuricy that prevails in the change^ 
nble flars for more than half the period. 

If a ftar, by a fwift rotation! be made to afiume 
and preferve a flattehed figure, . and its axis have a 
rotation fimilar to that hereafter to be . explained in 
the Earthy it will be much lefs bright when its edge 
is {)re(ented to the obferver than when the vifible 
difc is projected broader. 

Or, laftly, if a large planet revolve about a 
flar, it may occafion certain periodical eclipfes of 
iufficient magnitude and duration to bfe perceived 
by us, on account of the quantity of light inter- 
cepted. Thus, for example, if an opaque planet, 
whofe diameter is not much lefs than that of Algol, 
be fuppofcd to revolve about that ftar at the dif- 
tance of thirty-three diameters of Algol, in the given 
period of 2 days, 26 hours, 49 minutes, 3 feconds, 
in an orbit whole plane pafles at prdfent through 
or near the Earth, it will caufc certain eclipfcs that 
will agree very well with the appearances obfcrvcd. 
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<J*'*HE e*WERJiit EFFECTS OF CE!>^T!tt1>ATAIi rORCES. 

ON BODIES INf MOTION.' " r'' * 

4'.. li> »• ,».».i».'\»-«»> •#■ ^« 

v'^s^^ ^^^ to r6fuinethe'confickratibiiiof.b^ a 
dies iniiiodoii), 5a(hkh arca&ed oi>ib)fqa centri{)€&i|. 
foFcer^^.x) afid to:apply thaoxlodrine' to die phe^ 
aoo)eninekpi£ned in the^ preceding::&Aioh;^* . 
;; iLcr^JBc'Di 8cc. ;(fjg; 66r) be :a fegttotipoly^or^ b 
ksfttibftdia a circlc.l * I£a bod/ beii»p{{9fed to re^ 
volve^ucdxat polygob^at will be neoeflaiy^thit a force 
di'reiSted:J:tOi the>c^te^s ihould bela^^Iied at'tfte 
pibinta 'ByLc; o; &c« to di^ft the body^fiKxn* its right - 
Ijiiedirourib (ax, p). 7 Themorc numcrbiis the fJdea 
o£ the.pcd]?^n are, the ncxrer 'they will bo to the cir- 
cular cut:vc, and the more frequent muft be the fucceA 
ivfA aftionsof the centripetal force. And^f the nam- 
her of. fides be iofinitely great>:the polygon will abib* 
luctly coincide with the orcle, or become a circle^ ' 
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l^S EFFECTS OF CENTRIPETAL fO&CES 

and the aflions of the centripetal force muft be infi* 
nitely numerous, or the force will a£k without inter- 

c mi0ion« Coiifequently> wh^evef fnay be proved in 
general of a body moving in a regular polygon by 
an original uniforoi motion^ combined with the 
modon produced by the fuccellive actions of a force 
diri&ed ^ the center of the polygpn, will hold 
good with refpeA to the ftiotion of a body in a 
circle the centripetal force being fuppofed to aft 
without intermiffion. 

D In our reaibning concerning centripetal forces, it 
is here fuppofed that a given force afts on bodies 
according to their mafTes, like gravity (26, a) and 
confequcntly caufes equal defkftions 19 each froai 
the right lined couric. , ; 

B The intenGty or quantity of any force is meafured 
by the efieiSi; k produces in a given time(aisQ^. 
^8>t). rSoppdfe a body tp be projededfrom ii 
fo A> fig. 66, a tchtripetd force t^refcnted by a it 
will caufe it id deferibe the line a t inft^ of a ^m 

^ #QcqUidfpateeof time(s3»T). Ifdievelodefrink a 
hid been fpreaber, the a<5ti6ii of. the force id the lini 
Alt mufl have.1>$en greater in the fame plropiffdoa 
to have Cwfed thfe faifie defloftion ; drat i% the 
ceatr^t^l forde ihuft ac eich point of defleiflion be 
as the telocity; But again, the greater the velochy 
the greater i^umber of fides of the polygon will be 
defcribed by the body in a given time, and the mbrt 
frequent muft be the aftions of the centripetal force* 

For this reafon therefore, the nuteber of the aftions 

« 

w dftift likewife be as the velocity. On both accountSs 

7 therefore^ 



thefefbre^ the whole ttkSt of the force \h k ^¥i& 
iim€> or its intenficy^ inuft be in ^ dupiicftti 
proportion^ or as the fquare of the Telodity^ ^ttA 
h, limply as the irelbcity, becaufb the it£i!ibns ^ 
themfelves are grtet^r or kfs in that proportion $ 
and again, Amply as the velocity^ becaufe di6 
anions take place tnOre or lefs frequently m the 
fame proportion. And the ^(fie is tilie of tirt o 
efiedb of an unceafing force that may caufe the 
body to revolve in the circle in w^ich the pdlygoA 
k infcHbed (19S, c). 

The polygon mop being fitnilar to the polygon it 
ABC, will, with a given velocity, requht; the 
fame action to caufe the requiiite deflections froiH 
die right lined courle in a body revolving ih it. 
But thofe adtions muft recur oftchtf ill propor* 
tfioh ^ the fide of the polygoft k o l^ is lefs thsfft 
that of the polygon a b c, becauft a pf opbrtion^ 
ally greater number bf the fmftlief fides wilN* 
palftd 6vef with the fame veloeity. The force ill 
the ifn&Mer polygon muft therefore be ihcreiiftd 

ill the ihveffe proportion of its fide tb th&t bf the 
j^re^tef, of, vvhich is the fame, ift the ifi^^erfe pro^ 
pordon of their rkdii. On the liivhdie ihenj the 1 
ceAtHpet^l iottti, by which bodies are retained ift 

circular drbits, (t^S, c) ate In a rdtb toa» 
p6niided of the diiea ratio; df the ft^u^res 6f the 
velocities, (199, F.o) tod the inVerfe rttSo tl[ 
their femidiameter^, - 

The periodical drties of bodies revolving Wtrt*^ n 
t\ti ait greatf rj the greater the radii^ and Ids; the 

O 4 greater 
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greater the velocities. . That is toX^y, fthe peiiodi^ 
primes are dire&ly as the radii, :Tapd inverfdy as 
the- velocities. ' 

L ^ If the centripetal forces be fuppofed to- increafe 
as the cubes or thjfd pQWf^s^qf the radii decreafe, 
tb? fubes of the radii .^ill. be invcrfcly as the 
iqvares ./of the velocities^ and. di redly as the radiij 

.. becaufexhC; forces themfcl ves . are invcrfcly in this 
jQompound ^tio (199^ 0* Whence the fquares of 
the velocitie^i will be dire£lly as the radiij and in* 
verfely as the cubes of the radii ; or more limply^ 

44 as the fquares. of the radii inVerfciy. And the ve- 
locitics thcaifclves will confequently be inverfeW aj 

the. radii. 

N .If the (quaxes of the periodical times bqdireftljj 
a? . lihe cqbcs of the radii, the cubes . of jthe radii 
will! be (t99, k) dircdly as the fquares . of ,d)^ 
radiij and.jqyerfcly as the fqug^rcs of the ydpcities* 
3rJi?f efpre,- the fquares of th^ velocities will be 
dire.<5Uy. as the fquares of the radiij and inveriely 
^.tbc.pubes of the radii; or, more Aovply^.as the 
r^dii inversely. Now, the centripetal forces (199, i) 
zxc^\rc6i}y z^ the fquares oif the Velocities, and ia- 

, yjffkly as tbie radii. . Therefore,, if in this Jaft com- 
pound ratb.we f^J^ftitiite the.^ inverfe ratio. p( the 
-jadii, infte^d of the^. dircft ratio of the fouare^of 
the velocities,, to^hich it is. equal, we (hall hav^ 
•jhe, forces in. the inverfe ratio of, the fquares 

O of the radii. That is to fay, if the fquares of the 

> Pl^^odical tioips .of bodies revolving in circles be 






dircfitly as t.he cubes of. the radii, the ;«entripettl 
forces will be inverfely a$ the Iquares of chie radii. > 

The velocity of a body movifigtifa , a o^rve,. aoj p 
aSed on by a centripetal forcCj i^- ipvcrtfeljp as the 
perpendicular let f^U .from the c^ter, to t-he tan- 
gent ^rawn through th^t point of the: curVe at which 
the velocity i^ requiwd^ . Let ^ «>-%. :67,cbe a curve 
in which a body, movfs, defcri^ing. /equal areas ia 
fqual times v(95^ M)^.abcmt the 'point c,, Tb<a 

-4 * 

the velocity at the .p^Jnt^;p apd ? wiH be invjBrfeljr 
^Mhe perpendiculars . .^H, ci, lei fall from C: oa 
the.tangents D h^ f i to the^rjip in.-^ke;p|>ipts |i^i 
F.^ . For if the.body^ move t|iroi^b4:h<i fp^ce^^p b,' 
F c, in, equaUndegrvitely fipall:,portiQOs; of mncw 
tlj^pfe lints may /.be taken for ^ portions . of the taa^^ 
gents, D H, Fi, and the triangles, p^^, f.c.g, will 
^fW^k(9Sf ^%- ^^ chc'bafes.D «,i f o^of equal ;;: 
triangles/ are inverfcly^-^as the per|>?pdkulars ch^ 
qj.. And velocities being, as tb^^MoE, fo» 
^^opibtdin cqyal timeSjg muft ^l^^cfe? in the &me 
iaYCiicfe /atio of thofe jpcjf^endiculjrs.; Which Mam 
to be.fbewn. y-\ ,., . ^ .., :r.:;. . : 

If a bo^y, afte^ ^nrbyra.^entripctailforce, jdi.- <i^ 
rcfted' to c (fig. 68)^ be rptojicfled ficobr id^ in j^ 
difcdion at right aDgks tj>. tfic, bUtJ^itii asvclocitji 
tcjQjJinall to caufe it to-;revolve m ^ ciidef .oitik^ it 
l^ill fail within _t}^c circle, by the, gr^tw preva^^ 
jcnce of the centripetal fbr^e« ^^ \i approaches 
the center, its vclpcity muft increafe (.^6fB.)i znti 
fo muft like wife its tendency to recedcfrom. the 

center. 



108 irriots 6f eEKtRiPtTAi forces 

teMer. If the tencripecal fofce increafes in die 
£uDc or m a higher ratio than that tendency, the 
bodj wiO ftiil continue to approach, and at length 
fril idto the center. But if the centripetal force 
ittcitaies in a 1^ ratio, the increafing velocity will 
cade the body to naove in a courfe lefi zaad lefii 
loaned to the nidius> till at length it becomes st 
nghc an^s to itj and recedes again from the 
center, becaufe by the fuppofition^ the velocity is 
too great for the body to moVe there in a circu-^ 
iar orbit. In tht rece(s froln the center die vekK- 
dty muft decrdkfe (96, a), and a fimtlar curve 
bt deicribed by the body, till its courfe becomes 
^IgM at ri^t angles to' the radiUs, and it is again 
caiifed to ^pprostch the center. And this alternant 
tioti will continile for even 
. The afiferdoh refpeAihg the fimibrity or rather 
C0i%ruity of the curves between the apfides may 
be eafily evihlE^ from fig. 40. For if a body bt 
fi^plpfed 16 itio^ from h to c, and to be refle6fced 
baitk ieota c, in the dire£tion and with the velodty 
c D, it is unneceflary to (hew that it would s^;aiii 
ddcrtbe^the iame polygon ch. And the Ikme 
kolds :goad of Curves (j^5i m). Now a body that 
tmvesat ks apfis myft move with a velocity and 
dire&ionr Whkh) with refpeft to the center, is eqtn^ 
vaknt tO) its being refle&ed back in the contrar]^ 
fBreftion, becaufe in either cafe it will begin to 
Inove with a given velocity in the tangent of die 
latee cirdc* 

It 
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tc Would tarqriistoofartiiito the <6ttfideritioi % 
of the nacyre cyf thofe, curves that may be defcribed 
by bodies a£ted on by centripeud forces, if we 
were to inquire minutely into the conftquenees thA 
would follow from the fuppofition of various lawa 
of its increafe or diminution^ aectdniing to die di& 
tance. Our purpofe will be fufficiendy ^itilwered 
by attending to the veiociti^ of revoli^ing bodies 
in their ^pfides. Let a body (fig. 68) be pro- t 
Jedled from u cowards i^, in a direction at right 

angles r to cu> a line <di'awn from the point c^ 

, • ■ ■ 

to whidh let the centri^tal force be fuppofed to be 
difeded* Suppofe the velocity of projedion to 
be leis than wouM be required to carry the body 
In a circle at tr» and the body will accede towaids 
the center^ by pajfing through a curve udf. If 
rfie law of the oeiitripetal force be Tuch (261, qJ 
as to fuli^r die bckly to recede again^ after cominjg 
with^ k certain difiahce of the center^ there w3l 
be (oktSt point l> at which the bodjr, previous to its 
^1% ofF^ wiH neither approach nor recede from 
the center^ bot move in a dire£lbn at right angl^ 
to the radius. This point is the lower apfis, and 
Its velocity' will then be inVerfely as the perpendi- 
cufeir /cfci (aoi, i^). ' 

Let us fuppoifr the centripetalfofce to bie in* 
vtrfely as the cube of the diftance from c. Then 
i^obi m) the vclocitid neceflary t6 car 17 a body in 
ia circle at u or L wiR be inverftly is the diftaiices 
• u c, ic. The k£hjal velociries at tr and l are irti 
the fame ratio, ^nd the velocity at u is known t6 

' be 
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z he too-fited^ to carry jt inut xiiclc there. Coafe- 
quentfy, the /a&ual vclocuy at l mud be likcwiie 
too fmall in the fame ralioy and tke body will coo* 
tinuc to api)roach.thc.:C^nter> after having paflccl 
theapGsb '. It will noti thiereibrej' defcribe a curve 
congruous wicb the curve defcribed in its paflage 
between the.two.apHcks. But this laft confequcnce 
being contrary to ^, what has.beea already proved 
(^02s r) mud be falfe^ and To oHift likcwift b« 
the origioal fuppoi^cion from .which it wfis deduced. 

V ^Confequently it U pot tru<e, that .9 body prc^ded 
with ja velocity -tQO .fm^Jl) 50 -keep. it in a <irck^ 
and acfled pn by a centripetal force iQverfQly iisjhc 
cubcsjof thft/diftanf^s, can, evo'iarriye at the.ldwar 

w^apHs.' It mufl: therefore continually approach th$ 
center, ^ndat4pngth f4lUflto it^. l: • : 

x\ U the bpdy be fuppofc4 tt^.jb^ origtn*Hy;,ipro7 
jefbed froxn.L^ the lower. ap^s^K^^h a v<|Q^jty too 
jgreat fbf tbe?xen£ripetal f9krce» according J^ the 
fame ^Jaw,, fp; retain K;in atjcirclp, i^ may berrfepwa 
hy fi9aiUrj.argMmentatictn..tha.t;it,^would ni?veft#> 
pv^ at^ the higl^r apfisj^ . but woujd condnuaUy re^ 
,cede from the center. : -: x , 

y • Thus, it i^ppearsi, tljat the Ji^y^rtecJ rati^^of the 
cubes of the diftJinccs is the lavy^ qf ^ cencripetal force 
tbat^Jipit^ the jei(plutions of:,b9dijj.s in ^u^.ve^ that 
admk of alternate -app/;^ch and. r^c^ frqm tl\e cepr 
H^r^ For if, ftccprding to thi$.law^.a^ljody, fifferfOnct 
beg^igg t9 apprpach thcscmte^r qr,|o recede from 
it, cannot but, fpntcjup tha|:^pprpach qt; reccfs, 

itmuft be much more ftrongiy urged in-. |J)p . fam? 

. manner 



nianwer by a centripetal fofce that foirdws flieih-^ 
vcrlcd ratio of fotnc higher power ^f thcdiftance. 
Anddgain, if the law of . the force follows fofhe* 
inverted ratio lefi than that of the cube d/f the 
diftancc, the velocities required to retfain bodi^ 
ib circular \orbits will be lefs than a^r the in- 
terred ratio of |he ;ciiftariCe as tKat law would re- 
quire (aoo, L, m). Whence It follows, that fincc? 
til* velocities in defcending from the upper apfia* 
increafc fafter than the diftances decreafe, the per- 
pendicular c H, fig. 67, being lefs than the diftance c d 
(qoi, p), .the motion of the body will be diredc<jt 
kfe and lefs towards the center, till' it becomes d(* 
right angles to the radius, the body being thenf 
in the lower aplis. After which it muft afccnd 
through a curve fimilar and equal to that* it before 
defer ibed in palling between the apfides (202, r). 

Hence it is feen, that when the centripetal force z 
increafes in approaching, the center in a lefs ratio 
'/ than the inverfe ratio of the cubes of the diftances, 
the law of its increafe may be found from the quan- 
tity of angular motion employed in paffing froni 
one apfis to the other. For the' diftance between A 
the upper and lower apfis will be greater the nearer 
the law' of the centripetal force approaches to that 
ratio, bccaufe the body muft run through a greater •» 
Ipace before the tendency to recede from the cen- 
ter, arifing from the velocity and dircdion, can bo 
equal to the centripetal force. ^ 

If a body revolves in an elliptical orbit, defcrib- b 
ing equaKareas in equal times about one of "the 

foci. 






fto6 srricTs or csktripbtal forces* 

fyd, the apfides will be at the twp extremities c£ 
^ tranfverfe di4ii&eter> or 1 80^ of angular rao* 
tkm apart) tfie centripetal force will be dircAed 
tt> thftf focus (95> v)y and its intenfity will be in* 
irerfely as the Iquare of the diftance ^. 

c If a body revolves between two apfides^ and 
the centripetal force b^ tnverl^ly as fbme power of 
she diftance^ greater than the fquare and lefs than 
^e cube, the diftance between the apfides will be 
more than 1 8o\ But if the centripetal force be 
inverfely as fome power of the diftance leis than 
the fquare, the diftance between the apfides will 
%e lefs than 180"! (20^, a). In theie cafes die 
orbit may be confidered as an ellipfis whofe tranf- 
yerfe diameter, or line of the apfides, is not ftadon* 
ary, but revolves on the focus to which the force 

D is diredted. The apfides may therefore be faid to 
icvolve in confequentia, or with the moving body» 
when the force in approaching the center is greater 
than after the invcrfc ratio of the fquare of the 
diflance ; or to revolve in antecedentia when the 

X force is lefs than after that ratio. And the quief^ 
cence of the apfides will be a proofi that the cen- 
tripetal force is accurately in the inverfe ratio of the 
fquare of the diftance. 

F The periodical time of a revolution about the 

focus in a quiefcent ellipfis is equal to that which 

would be employed in defcribing a circle whofe ra* 

. dius is^half the tranfvcrfe diameter of the f ellipfis. 

• Principia^ I. §§, 3. g. f Priocipia, I. ij. 

. Therefore^ 
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ThcfeloF^ if tbe ^iiares of the i)eriodicftl titnes o 
of bodk& revolving in dlipfes be direftijr as die 
cube$ of the mean diftanccs (aoo, o) the centii*, 
petal forces will be inver&ly a3 the iquares of the 
dUlan€efl« 

CHAP. IL 

THE VKIVEIISAUTV QF GRAVITATION OSDUCEl> 

FROM ITS £FF£CTS« 

The planetary bodies being in miotion wouki 
(a^, p) continue to move for ever in right lines, un- 
lefs compelled to change their ftate by forces im- 
prefled But they move in curve lines (121, k)» n 
and CQnfequently muft be adted on by forces that 
continually defleA their courfes out of the right 
lined direftioiu 

Every primary planet moves with Itich a velocity t 
and diredion, that a line joining the centers of the 
planet and the Sun defcribes equal areas in equal 
times ( 1 2 1, k). Whence it follows, that the cen« 
tripetsd forces which retain thele planets in their 
prbits arc (95» n) dire<^ed to the Sun's center. 

Xhe periodical dtpj^s of the primary planets are 
fuch, that their fquares are dire&ly in proportion 
tp the cgbes of their me^n diftances from the Sun. 
Their orbits are (i2ij k) elliptical and their ap-* 
fides quiefcent. From thcfe phenomena it is proved k 
(207» o. 205, B. 206, e)j that the centripetal jbrces 
are inverfely as the fquares of the diftances from 
die Sun, 

Every 
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i Every fccondary planet moves with fuch a 
velocity and cfiredion^ that a^ line joining the cen<^ 
tcr of the fecondary with that and its primary, dc-- 

I. fcribes equal areas in equal times* 1 he centripe-, 
tal forces retaining thefc bodies in their orbits con^ 
ftquently are (95> n) direfted to the centers of 
their rcfpc&ive primaries. . ] 

The periodical times of Saturn's moons are fuch 
(hat their fquares are diredtly in proportion to the 

M cubes of their diftances. And, therefore, the cen- ' 
ttjpetal forces afrC inverfely as the fquares of the 
diftances (2oo,,<)), 

N . The fame phwiomenon in Jupiter's moons 

, ihew, that their centripetal forces follow the fame 

. few. 

o . The orbits of Saturn's and Jupiter's moons are 
here taken to be circular. For obfervation has not 
yet eftabUftied the eccentricity of afay of thefc or- 
bits, except that of Jupiter's fourth fatelltte.^ 
\ The moon is carried .about the Earth with fuch 
a velocity and ' dircftion, that a line joining its ^ 
center and that of the Earth, dcfcribes equal areas 

1^ in equal times (143, f). It is therefore retained 
in its orbit by a force direftcd to the Earth's 
center. - 

Q^ The Moon's orbit is ellipdcal, and its apfidc^" 
quicfcenr. Its centripetal force is therefore in- 

-. Verfely as the fquare of its diftance (205, b. 206, e). 

Evfrycomet moves with fuch a velocity and 

direijlion, that a line joining the centers of the- 

comet and Sun defcribes equal areas in- -equal- 

% ' 1 times 
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times (i6o, v).3 . The centripetal forces retaining r 
the comets in their orbits is (95, n) therefore di<* 
reded to the Svtm 

All the comets are obfcrved to defcribe eithqr 
dliples, or parabolas, which in all probability art . 
the lower portions oC cllipfcs (i6o, u, v), Thofc 
whole return has been obferved have their apfides 
quiefcent* Whence it follows* (205, B. ac6, e), s 
that the centripetal forces are inverfcly as the fquares 
of thfc diftances from the Sun, 
' It is not to be Onderftood that the planetary t 
phenomena are in aMblute ftridnef^ as given in this 
place. But the irregularities are very fmall^ and 
jt will hereafter be . (een> that they are of fuch a 
nature as to give additional force to the deduc* 
tions' here made. 

The force that reti^ins the Moon in its orbit is u 
Ifae fame with that which caufes bodies pear the 
Earth's furface to be heavy^ and; Is called Gravity. 

To prove this important truth, let us take 57' V 
for the Moon's horizontal parallax at its ifnean 
diftance, and that diftance will, by plane trigono* 
metry, be found to be 60.314 femidiametcrs of the 
Earth/ The periodical time of the Moon is 27 d. 
7h. 43 m. (14a, a), or 39343 minutes, which . is 
the fame period as would obtain if its orbit were 
a circle (ao6, f) whofe radius is equal to the mean 
diftance, and the centripetal force remained unal- 
tered. To come at the effedls. pf this force more 

* For the parabola> fee Principia, I. 13. 
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f cadtlyi It will be convenient to attend ta this xir^ 
cular revolution. In one minute of 6me the Moon 
in this orbit would pafs through the ^^\^^ par^ or 
an arc of J2.941 feconds of meaiiire. The mean 
length of a degree on the Earth's ndcridiin is 
34^516 Paris feet, which number n^uldplied by 
60.3149 will give 20658510 Paris toct for the 
length of a degree in the fuppofed circular ort»c 
Whence the arc of 32*941 feconds pafled through 
in a minute may be found in feet, as alfo its 
ver(ed fine. The verfed fine being the ^ce 
through which the Moon muft faU beneath thf 
tangent in the time of one minute^ will be the ef^ 
661 ofj and will meafure the centripeoal force (35^ £)• 
This fpace or verled fine is 1 5.0944 Paris feet 
N0W9 becaufe the Moon's centripetal force is in* 
veriely as the Iquare of the^ diftance fi*om the 
Earth's center (208, 0> ^c may find what its cf- 
fed would be at the Earth's furface by faying» As 
the (quare of 60.3 14,. the Moon's diftance from the 
Earth's center 1 Is to the (quare of 1, the diftance 
of the fiir&ce of the Earth from its center : So is 
the meafure (35, b) of the centripetal force at the 
Moon 1 5.0944 feet-; To the meafure or effcft pf 
the fame force at the Earth's furface, or 549 lO 
fctt. 
w To find whether this fpace agrees with the fell 
of bodies at the Earth's furface by gravity, we muft 
reduce the rime to one fccond ; becaufe we have 
no means of diredly meafuring the adlual fall of 
bodies during fo long a time as one minute. Now, 

. . though 
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though the centripetal forc^ of the Mqon incrcafts 
in approaching the Earth's center, yet thcfc mea- 
feres irf that force are ftriftly accurate, becaufe 
confidercd as they obtain in circular orbits where 
t!he dfftance of the bcfdy is not diminifhed by its 
fell: but the difference would in the prefent cafe be 
abfolutdy tnfenfible in lb (faort tinies as a lecond 
or a minute, tven if we fuppofed the fallbg body 
to be moved in a right line direfted to the center. 
The fpaccs defcribed by falling wHl confcquendy 
be rfeicribed by an uniformly accelerated motion, 
4nd will be (ag, g) as the Iquires of the times. 
' Therefore as the fquai'e of 60 fcconds 5 Is to the 
fqtiafe df 1 fecond : So is 54910 feet; To 15.2528 
feet that bodies would fall through at the Earth's 
furface in a fecJond by the aftion of the centripetal 
force that retains the Moon in its orbit. 

But bodies fall through 15.084 Paris fctt f n a x 
fecond, by the aflrion of gravity. The fall of 
bodies near the Earth's furface and of the Moon 
Sire efPedts of the lame kind, and thtrefore, by 
the fecond rule of philofophizing, are produced 
hy the fame caufe ; that is to lay^- the Moon is 
retained in its orbit by gravity. 

Moreover, fince it is eftablifhed from the Moon's r 
revolution in its orbit that a ceptripetal force exifts 
and'^afts in the dircdlion towards the center of the 
Earth,, and no good reafon can be given againft^ 
its adion that would take placed according to its 
law, on bodies aniy where fituated, it mud fol- 
low; that bodies fall near the Earth's furface, ei- 
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thcr by this force alone^ or by dus force in-conjuno* 
aon with fotne othen But this latter coniequencc 
cannot be adoiitted, becaufe bodies would thea faU 
with greater velocity than the Moon at the fiune 
diftance; whci;eas it has been juft (hewn, that 
their velocities are fomewhat lels. 

* 

And even this difference between the veloddes 
Qf the M^on and of fmaller bodies affords an ad-^ 
ditional proof^ that the lame force of gravity is 
concerned in both. For the force would have 
proved accurately the famcj as far as obfervadoa 
can meafure its efie£ts> if proper allowance^ ac- 
cording to the laws of gravity known from itt 
tfk&s on heavy bodies, had been made in the 
eomputajtion for the mafs of the Moon^ and the 
Sun's aftion on the Earth and Moon. 

The revolutions of the fatcllites of. Jupiter and 
Saturuj and alfo thofe of the primary planets and 
of the comets, are phenomena of rhe fame kind as 
the Moon's revolution about the Earth, and arc 
therefore (6, n) to be attributed to jhe fame 
caufes, namely, to an original or projeftile mddOn 
compounded with a motion produced by gravity. 

Adion, and rc-aftion (22, r) being equal, it 
follows alfo, becaufe the fecondary planets gravi- 
tate towards their primaries, and the primary 
planets together with their fatellites, as. likewifc 
the comets, gravitate towards the 3un, that the 
primary planets muft likewife gravitate towards 
their fecondaries, and the Sun towards the whole 
fyftem. That is to fay, gravitation is uilivcrfal, 
or a property of alh bodies whatfoever. 

The 
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f The mutual aftion of two bodies (jti^ R. 95>^) ^ 
that gravitate to each other is the caufe that if they 
fkll>both wilt approach the common center of gravity 
wi<h equal quantities of motion^ or if they have at the 
Ijwric time a proje&ilQ velocity, both wilf abfolutely 
revolve about that center* If one of the two bodies 
exceed the other indefinitely in mafs> its velocity 
(19, l) of approach will be indefinitely lefs than that , ^ 
of the other in the former cafe, or the radiuS of its orbit 
will be indefinitely lefs than that, of the other in the 
latter cafe. Whence the whole relative velocity of ap- b 
proach may be taken for the abfolute velocity pro-r 
duccd in the lefs body ; or the orbit defcribed by the 
leisbody about the greater may jbe taken for that which 
k defcribes about the common center of gravity. 

The fall of bodies near the Earth's furfacc may f 
be regarded as their abfolute motion* For the 
magnitude of the Earth is fj great ^ith relpe& 
to the bodies with which art can make expe<» 
riments, that its velocity is incomparably fmaller 
than the differences which the itnperfedtions of the 
(enfes muft caufe in all obfervations. We may o 
likewife, in this place^ coniider the motions of the 
planets and comets about the Sun as abfolute> 
though the magnitude of that luminary is not fo 
exceffive as to render thofe of the planets jincon- 
fiderable. The fame is to be underftood of the h 
fatellites of Jupiter and Saturn. 
' All bodies fall . near the Earth's furfiice with i 
equal velocities (26^ a, b). The planets and comets 
being accelerated towards the Sun by powers which 
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are (ao7.> k. aop^ s) invetiely as the fquares of the 
diftanccsj would confequently be equally accelerated 
af equal dtftances. The fame is true of the latel** 
litcs with refped to the Sun, bccauie they revolve 
together with their primaries in the annual orbits^ 
and alfo with refpcft to their primaries (2oS, m> n)« 

K From thefe equal accelerations it follows^ that 
the force of gravity which urges mpnUte bodies, to- 
wards any other larger body^ is in proportion to* 
the mafs of the body urged. 

h This law of gravity being eftabliihed from ob* 
fervations in cafes where the velocity of the fmaUoit 
body can be taken without fenfible error, we may* 
again refume the consideration of the re-aAion o£ 
the fmallen Let us c^U the larger l, and *the 
fmaller s. Then, becaufe s is ui^ed towards l, 
by a force which is as the magnitude of s, l will 
be urged (2!2> a) towards s, with the fame force^ 
That is, if s becomes larger, it wiU attra6t l the 
more ftrongly in proportion. Now, s may be 
imagined to become larger, lb as. even toexceod 
L in any ratio whatever, and the increafe of at^ 

M tra£tion will dill obtain. Therefore, a given body 
not only attracts another> in propordon to tht 
mafs of this laft, but alfo in proportion to its owj| 

27 mafs, That is to fay, the force of gravitation e3(* 
erted between two bodies is in the compound rado 
of their maflcs. ' 

o The abfoluie force of gravity being in the com<^ 
pound rario of the mafles qf the two bodteS9 or 

^ 9» the maift9 multiplied into each other^ will ba 

meafiirc^ 
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nei^ed by the quaticity of motion produced in 
either body (ax, (t« i^ri) in a given tioie^ or by the 
mafi of the body mukipiied into its velocity i that 
h^ the Butneral produd of the mafjles will be equal 
to the numeral produA of the mafs of one of th^ 
bodies into its* velocity. Now, if* each of thefe 
equal prodiJi£b be divided by the mafs of the body 
whofe velocity is confidered, the two retnainders 
^ill be equal, namely, the mais of the one body will 
be equal to the velocity of the other. Or> more p 
clearly (becauie we have ufed number, in order to 
avoid the comparifon of ratios, .which is lefs gene« 
rlilly underftpod) the mafs of one bocfy will be as 
the velocity or acceleration of the other. Whence < ^ 
it fcdtows) that if the velocities productd in bodie$ 
by gravitation be known, the proportional mafles 
of the bodies towanh which they are wged will be 
^fo known. 

From this donfequence the thafs of any ]arge*pla^ n 
net rmy be known from the velocity of defceiA it 
produces in bodies indefinitely fmaller than itfrlC 
For the relative velocitiesof fuch fmall bodies (ai3,«) 
with refpeft to the larger, may be taken for their ab- 
iblute velocities. Now, the vetecirics of the planets s 
mwards the Sun, of the fatellites of Jupiter and 
Saturn towards their refpeaiveprimiries(iij, c), 
and of projeftiles near the Earth's furface, being re- 
duccd to equal diftances of the attra&ing bodies, as 
wasdotie in dotaparing the Moon V gravity with that 
of terreftrial bodies (209, v, w, x)<>t ochefwife, arei 
nn^ CO(tfcqu«nt]y likew^ their mafles are^ (nearly) 

F 4 as 
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as the nutnbers i, -r^rt* tttt> ^^ -rrrrrr* Hence 
alio the denfides may be found, becaufe their bulks 

T are known from obfervation. Thus, the xlenfi- 
ties, or fpecific gravities, are in the four bodies juft 
mentioned, loo, 941,36, and 40a Thefe num- 
bers may be familiarized to the imagination, by 
obferving, that if the mean denfity of the Earth be 
fuppofed to anfwer to that of common green gla&, 
the Sun*s denfity would be equal to that of dry 
pear-tree, Jupiter's to cedar, and Saturn's to cork. 

u Our knowledge of the remote parts of the pla* 
fietaiy fyftem is too imperfeft to admit of many rC'* 

y marks on die fads we can oblerve and deduce. It 
is^ however, worthy of nodce, that the immenfdy 
large planets, Jupiter, Saturn, and th$ Georgium 
^idus, woukl have occafioned great irregularines by 
their atcraftions on the other bodies of the fyftem ; 
\f, inilead of being placed at the great dUlance; 
they are from the common center of gravity, and 
from each other, they had occupied the places of 
. the fmall planfets. Mars, the Earth, Venus, or Mer* 

w cury. And if the celcftial fpaces be not abfolutely 
vacuous, but poffelied by fome very rare matter, 
(175^ a) the refinance fuch matter muit afford 
in the courfe of ages to die modons of the planets^ 
will be brought nearly to equality in its effeAs, if 
the planets which mov^ fwifter are at the (ame dme 
more denfe. Laftly^ becaufe it is obferved in the 
conftitution of terreftrial bodies, that the denfer re* 
, quire, in many inftanccs, a higher degree of heat 
to prociucc given changes in them, it has been con- 
:.w jeftured. 
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jc6hircd, not without fomc degree of probability, 
that the planets nearer the Sun are for this purpofe 
formed of denfer materials adapted to their fitua- 

don. 

■*.'■• 

From the univerlality of gravitation (212, c) x 
it is deduced, that the fixed ftars are either falU 
ing towards the common center of gravity of the 
univerie, or are made to defcribe immenfe orbits 
which ultimately reipeft that center. The life of 
man, aflifted by every traditional record for thou* 
lands of years, feems too ihort to afcertain the refult ^ 
of this fublime inquiry. It will be a grand acquis 
iition, if the repeated obfervations of feveral centu- 
ries to come fhould determine the proper motions 
of the vaft number of funs thatcompofe the nebula> 
(194,2) of which our whole planetary fyftem* 
with an its comets, forms fo inconfiderable a part. 
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CHAP. III. 

QF THE IRREGULARITIES ARISING FROM THE 
MUTUAL GRAVITATION OF* THE PLANETS. 

y Ip the $un were at reft, and the planets did not 
snuifually gravitate towards each dther, they would 
delcribe ellipfes, hiaving the Sun in the common fb^ 
cus. But fince they mutually a6t on the Sun^ and 
on each other (% 1 2, c), it muft follow that the Sua 
is perpetually moved about the center of gravity of 
{dl the planets, which center is the common focufi 
of their orbits. This center, by reafon of the 
Sun*5 very great bulk, can, in no fituation, exeeed 
the diftancd bf its femidiameter from its furfacc, 

t Some fmall* irregularities arife from thefe mutual 
adions, but thuch Icfs than would enfue if the Sun 
were at reft, or not fubjcft to the re-adtibn of the 
other planets. The irregularities in the motions of 
the primary planets are fcarcely confidcrable 
enough to come under obfcrvatipn in the courfc of 
many revolutions : thofe of the Moon, on account 
of its nearnefs to us, and from other caufes, have 
ever been fufficicntly great, to embarrafs the aftro^ 
nomical world. It will therefore be fufficient to 
expUin the latter, and apply the explanation to the 
former, which are efFefts of the fame kind. 

A If the aftions of the Sun upon the Earth and 
Moon were equal upon each, according to their 
ma^S| and tended to produce motions in parallel 

dii'edlions^ 
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dtreStimSf their rdatiTe mottons wcmld be die fame 
9B if no fuch forces afted upon them (79> w). But 
tbefe forces vary^ both in quadtity and diredtioot 
according to the various relative fituations of the 
Earth and Moon. 

Let the point s (fig. 66) reprefent the Sun> b the b 
Earthy and a o b c the orbit of the Moon. Then, if 
the Moon be at the quadrature a, the diflances Ea 
%nd AS of the Earth ^nd Moon from the Suik 
being equal, their gravities towards s will alfo be 
equal, and may be reprefenred by thofe line$ £ s and 
A s. Draw the line a l parallel and equal to b s^ 
and join l s, whioh will be parallel to ab« The foroe 
A s may b^ refolved (23, t) inoo the two forces as 
and A.E ; of which a t, by reafon of ks paralldifm 
and equality to ss (79, w) wiU not difturb their 
relative mocipns or (ituation : but the force a e, coh« 
fpiring with that of gravity, will caufe the Moon to 
fall farther below the tangent of its orbit than it 
would have dSbe if no fuch difturbing force had ex- 
ifted« Therefore, at or near Jthe quadratures, the c 
Moon's gravity towards the earth is increaied more, 
than according to the regular courfe, and its orbit 
is rendered more curve. 

W hen the Moon is at the conjundion c, the di(^ o 
tanees es and cs not being equal, the Moon's 
gravitation towards the Sun exceeds that of the EartH 
in the fame proportion as the fquare of b s exceeds 
the fquare. of c s. And.becaufe the excels a^' 
contrary to the dire6lion of the Moon's gravity to- 
WiSrds t)>e £^ar(h^ it diminiOi^s the eflfeA thereof, and 

cgufes 
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cauies the Moon to fall lefs below the tangent o( its 

m 

orbit than it would if no fuch difturbing force 
cxifted. A like, and very nearly* equal, cfff 6t fol- 
lows, when the Moon is at the Of^iicion o, by the 
Earth's gravitation towards the Sun being greater 
: than that of the Moon: whence their mutual gra- 
E vity is diminiihed is in the former cafe. Therefore, 
at or near the conjunction or oppofition, the Moon's 

gravity is diminilhed, and its orbit is rendered Icis 

« 

curve. 

T It is founds that the force ddded to the Moon's 
gravity at the quadratures, is to the ' gravity with 
which it would revolve about the Earth in a circle 
' at its prefcnt mean diftance, if the Sun*had no effeft 
on its motion, as i to 190; and that the force fub- 
dudted from' its gravity at the cpnjundion or op'po«v 

G fition is about double this quantity. The influence 
of the Sun, then, on the whole, increafes the Moon's 
diftance from the Earth, a»d augments its periodi- 
cal time ^ and (ince this influence is moft confi- 

. derable when the Earth is neareft the Sun, or in 
its perihelium, its periodical time muft then be 
the greateit, as appears like wife from obfervadon 
(144, k). ' ' * 

H » To fhew the effeft of the Sun in difturbing the 
Mood's motion at any fituation between the con- 
jun<5tion and one of the quadratures, fuppofe at u 
(fig. 66) let ES reprefent the Earth's gravity to- 
wards the Sun ; draw the line ms, which continue 
towards c j from m fet ofi^ m g, fo that -m g may be 
to E s as the fquare of the Earth!s diftance e s is to 

the 
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the fquare of the Moon's diftance ms; and mo* 
will reprcfcnt the Moon's gravity towards the Sun. 
From M draw, m f paraUe), and equal to £ s; joio 
F 0> and draw m h paralld, and equ^l to f o. The 
force M o may bt refolved mc6 mw and m h ; of 
which M Fy by reafon of its parallelifm and equality to^ 
B $9 will not diflurb the relative motions or iituations 
of the Moon and Earth ; m h th^n is jihe difturbing 
force. Draw the tangent m k to che Moon's orhi^ 
and condnue the radius £ m towards i •, draw h i pa^^ 
rallel . to k m^ and^ interfc£ting m i in i, and comr 
plete the parallelogram by drawing » k parallel to 
1 M9 and interfeding m,k in k. Th^ force m h oiajp) 
l>e refolved intOM.i and uki of which Mi afie£U 
the g^avity^ afid M k the velocity of the Moon, 
^hcn the force mh CQincides. ^ith the tangent; 
that is» ,ii?hcn the Moon i^ 35,° 16' diftant froto 
the quadrature, the force m 1, which afie.4|s. the gra-* 
vity^ vanilhes ; and when the £>rce m h coincides 
with the radius, that is, when the Moon is either 
in the conjun£tion or quadrjature, the force m-k 
' vanifties. Between the quadrature and che diftance 
of 35° 16' from it, the line or force m h Nfalls within 
the tangent, and confequently the force, mi is 
dire^ed towards s, and the Moon's gravity is in-* 
creafed: but, at any greater diftance from the qua- 
drature, the line m h falls without the tangent, and 
the force mis directed from e, the Moon's gravity 
being diminilhed. It is evident that the force mk 
IS always directed to fome point in the line which 
pafies through the centers of the Sun and Earth ; 

therefore 



diereibre it wtU accelerate the Moon's tAdtton^ while 
ir is approaching towards that line, or the cbnjuhc-^ 
tion, and fimilarly retard it as it recedes from it, or 
approaches towards the quadrature, by confpiring 'j 
with the motion in one cafe, and fubduAing from 
k in the other. 

As the Moon's gravity towards the Sun at the 
conjunftion is diminifhed by a quantity which is as 
fhe difffcrence of the fquares of their diftances; and 
as this diflfcrence, on account of the very great dif- 
tan<:e of the Sun, is nearly the lame when the Mobtt 
k at the oppoiition, the mutual tmdency to feparate, 
<^r diminution of gravity, will bie very nearly the 
feme. Whence it cafily IMIows, that all the irre^ 
golaritie^ which have been expklined as happeniifig 
between the quadratures and conjunftioh muft in 
l&e circumftances take place between the quadra^ 
tures and the oppofition. 

If the Moon revolved about the Earth in a cir- 
cular orbit, the Sun's disturbing influence being 
ibpjpofed not to a6V, then this influence being. iup^ 
pofed to aft would convert the Orbit into an elHpfis. 
For the incrcafe of gravity renders it more curve at 
the quadratures, by caufing the Moon to fall further 
below the tangent i and the diminution of gravity, 
as well as the increafing velocity, renders the orbit 
leis curve at the conjundion and oppdGtfiMi> by 
caufing the Moon to fall lels below the tangent 
in a given time. Therefore an ellipfis would be 
defcribed, whofe lefs or more convex parts would 
be at the quadratures, and .whofe longeft diameter 
' would 
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would pafs through them* Confcquentlf the Moon 
would be fartheft from the Earth at the quadra^ 
tiHTS^ and neareft at the conjundtion and oppofitioa; 
Neither is it ftrange that the Moon Ihould approach 
or come near Vo the Earth at the time when its 
gjravity is the leaft» fince that approach is not the 
immediate confequence of the decreafe of gravitjTy 
but of the curvity of its orfoit near the quadratures i 
and in like manner^ its recefs from the Earth at the 
quadratures does not arife immediately from its di- 
aunifhed gravity^ but from the velocity and direc* 
non acquired at the conjundion or oppfbfidon. 
. But as the Moon's orbit is» independent of the ic 
Sun*s suEtion, an ellipfis^ theife efieds take place 
onty as far as circumftances permit. 

The Moon's griivtty towards the Earth being ir 
dius fubjeft to a continual change in its ratio, its ' 
wbit is of ho conftant form. The law of its gra- 
vity being nearly in the inverfe proportion of the 
fijuares of the diftances, its orbit is nearly a quief- 
cent ellipfis (206) s but the deviations from thi$ 
law occasions its aplides to move dire<% or retro* 
grade> according as thofe deviations are in dcftSt 
or excefs (106, c). Aftronomcrs, to r^dyce the 
motion of the apfides to computation, fiippofe the 
revolving body to move in an ellipHs, whole tranf-* 
verfc diameter or line of the apfides revolves at the 
fame time about the focus of the orbit. When the 
Moon is in the conjunfHpn or oppofition, the Sua 
fubdudts froin its gravity {7,20,11), and that the 
more the greater its diftance is from the Earth, fo 

that 
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that its gravity ioliows a greater propordon thaii the 
inverted ratio of the fquare of the diftance, andcon- 
iSrqucntly the apfidcs of its orbit tnuft then move 
in confcqucntia, or direft (206, d). In the qua-» !j 
dratures th^ Sun adds to the Moon's gravity 
(ai9> o)^ and that the more the greater itsdi.ftance 
from the Earth, fo that * its gravity follows a leis 
proportion than the inverted ratio of the fquare of 
her diftance, and confequendy the apfides of its 
orbit muft then move in antcccdentia, or - retro- 

o grade (206, e). But becaufe the aft ion of the 
Sun fubdufts more frgm the Moon*s gravity in the 

' conjunction and oppofition than it adds to it in the 
quadratures (220, f) the direft, motion exceeds the 
xetrdgrade, and at the end of each revolution the 
apfides are found to be advanccc^ according to the 
order of the fighs. 

p If the plane of the Moon's orbit coincided witb 
that of the ecliptic, thefe. would be the only irre- 
gularities arifing from the. Son's aftionj but be- 
caufe it is inclined to the plane of the ecKptic in an 
angle of about' five degrees, the whole difturbing 
force does not a6t upon the Moon's motion in its 
orbit, a fitiali part of the force being employed to 
draw it but of th^ plane of the orbit iiito that of the 
ecliptic. ^ 

Q^ Of the forces m k and m i, fig* 66, which difturb 
the Moon's motion, m i bfeing always in^the direc- 
tion of the radius, can have no efitft in drawing 
it out of the plane of its orbit. And if the force 
^ M K really coincided with the tangent, as we, neg- 

. Icfting 
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lefting the fmall deviation arifing from the obli* 
quity of the Moon's orbit have hitherto fuppofed, 
it is evident that its' only eflfed would be that of 
^Accelerating or retarding the Moon's motion^ with- 
out affe&ing the plane of its orbit. But becaute 
that force is always direfted to fome point in the 
line which pafles through the centers of the Sun and 
Earth (221, 1 )' it is evident that it can coincide witli 
the tangent only when that Ime is in tlie plane of the 
Mooh's orbit -, that is to fay, when the nodes are in 
the conjun&ionNand oppo(it>om At all other times 
the force m K^muft decline to the northward or fouth- 
ward of the tangent, and compounding icfelf with 
the Moon's modon, will not only accelerate or 
retard it, according to the circumftances before 
explained, but will likewife alter its dire£lion, 
defle6ting it towards that fide of the orbit on which 
the point, the force M k, tends to, is fituated. This 
deflexion caufes the Moon to arrive at the ecliptic 
either fooner or later than it would otherwife have 
done; or, in other words, it occafions the inter- 
fe£tion of its orbit with the eclipdc to happen in a 
point of the eclipdc, either nearer to, or fiirther 
from, the Moon, than that in which it would have 
happened if fuch deflcaion had not taken place. 

To illuftrate this, let the ellipucal projeiftion r" 
COQJ9 (fig. 67) reprefent a circle in the plane of 
the ecliptic, m o p m the Moon's orbit, interfefting 
the ecliptic in the nodes n and o. Suppofe the Moon 
to be in the nordiern part of its or^it at m, and 
moving towards the node o^; the difturbing force 

Vol. I. • Q^ , m k, 
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M K, which tends towards a poiot in the lUe s s to 
the fouthward of the tangent m t, wiU be com- 
pounded with the tapgcnt^l force^ and will caufe 
the Moon tp dcfctibe the ar<: m mi to which m r is 
tangent) inftead of the arc m o ^ whence the node a 
is faid to be moved to (p. In this <nanner .the 
i^giotion of the nodes may he explained for any other 
Situation. 

s This motion evidently di^pends on a twofold cir- 
cumflance> njM3ieIy> the quantity a;^d direction of 
;he force M f^it If the force m ic be increafed, its 
' direction reni^ining the fame>. it will dt^&, the 
9urve of the Moon's path from its orbit in a greater 
d/egree;, andjL on the other hand^ if its dire^ion be 
altered, fo as dp approach nearer to- a right angle 
with tl?e tangientj it will cau& a grea&er dcSeftion, 

T tjhougH i(s quantit)^ remain the &me« When the 
Moon is in the quadrat uresj, the force m k vani(hes» 
(2:20^ h) confequendy the nodes are then fta- 
tipnary. When the Moon is at the o<5tant^ or 
fi)rty-rfive degrees from the quadrature, the force 
MK is greateft of all, and therefore the motion 
of the nodes is then mofl: con^derable, as far as it 

V depends on the quantity of m k. But the direc-* 
tion 0/ this force in like circumftances depends on 
|he iiHiation of the line of the nodes. If the line 
of the nodes coincides with the fine pafllng through 
the centers of the Sun and Earth, the force u k 
coincides with the tangent of the Moon's orbit, 
and the nodes are ilationary» And the ferther the 
node is removed from that line, the farther is that 

line 
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Knc removed from the jdanc of the Moon's orbitj 
till the line of the nodes is in the qiudratdresy 
at which time the Kne paffing through the centers <rf 
tiic Sun and Earth, makes an angle with the plane of 
the Moon's orbit equal to its whok inclination, or 
five degrees : confcquently the angle formed between 
M K and the tangent in like circumftances is then 
grcateft, mk being direfted to a point in a fine 
which is fiirther from the plane of the Moon^s orbit 
than at any other time, and of courfe the motion 
of the nodes is then moft confiderable. 

To determine the quantity and dire<5bion of the v 
motion of the nodes, fuppofe thp Moon in the quar- 
ter preceding the conjunftion, and the node towarda 
which it 15 moving to be between it and the con- 
jfun6bron : in this cafe its motion is diredted to a 
point in the ecliptic which is Icfs diftant than die 
point towards which the force mk is dire^ed: the 
force M K dien, compounding with the Mood's 
motioai caufes it to be diredted to a point more 
diftant than it would otherwifc have been ; that is 
to fay, the node, towards which the Moon moves, 
is inoved towards the conjunction. When the 
Mopn has paflTed die node, its courfe is directed to 
the other node, which is a point in the ecliptic 
more diftant than the point to which mk is di^ 
refted, and therefore m k, compounjling with its 
motion, caufcs it to be dircftcd to a point lefs dif- 
tant than- it would otherwifc have been ; fo that in 
tJiis cafe likewife, the enfuing node is moved to- 
wards the conjunftion. After the Moon has paffid 

0^2 ' the 
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the conjunQion, the force mi; ftill continues to 
dcfleft its courfe towards the ccUptic, and confe- 
quently th^ naotion of the node is the fame way 
till / its arrival at the quadrature. Suppofe again, 
the moon to be at the conjunftion, and the node 
- towards which it is moving to be between it and 
the quadrature. In this cafe the force m k com- 
pounding with the. Moon's motion, caufes it to 
move towards a point in the ecliptic lefs diftant 
than it would otherwife have done, fo that the^en- 
fuing node is brought towards the conjundion. 
When the NJoon has pafled the node, the force 
MR ftill continuing to defleft its courfe towards 
the fame fide of its orbit, produces a contrary effcft, 

.0 

namely, as it before oecafioned it to converge tp 
the ecliptic, fo it now caufes it to diverge from it, 
and its motion in confcquence tends continually to 
a point in* the ecliptic more diftant tlian it would 
odierwife have done: the cnfuing node in this in- 
ftance being alfo brought towards the conjunftion, 

^y As the difturbihg forces are very nearly the 
fame in the half of the Moon's orbit, (m2, k) 
which is fartheft from the Sun, this laft paragraph 
is true, when it moves in that part of its orbit, if 
the word oppofition be every where inferted inftead 
of the word conjunftiop. 

X Whence it is eafy to deduce this general rule, that 
when the Moon is in the part of its orbit nearcft the 
Sun, the node tpwards which it is moving is made 
to move towards the conjunftion : and when it is 
in the part of its orbit fartheft from the Sun, the 

node 
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nock towards lyhich^ it is moving is made to move 
towards the pppofitlon. 

Suppofc the Moon at q^ (fig-^8) or the qua- r 
dracure preceding the conjunftion, then the enfuing 
node, if at 90° diftance, or at the conjunftion c, will 
be ftationary (226, u), but if it be at a greater or Icfi 
diftance, it will be brought towards c (228,x). Thus, 
if the nodes be in the pofition m n, the lenfuing 
node M, being at a lefs diftance from (^than 90°, will 
move towards c, or direft, while the Moon moves 
through the arc q^m ; after which n becomes the 
enfuing node, and likewife moves towards the con- 
jundlion c, 6r retrograde during the Moon's mo- 
tion through the arc m r. And becaufe the arc 
M R exceeds <^m, the retrograde motion exceeds the 
direft. Again, if the nodes be in the pofition n m, 
the enfuing node n being at a greater diftance 'from 
<t^than 90°, will more towards p, or .retrograde, 
' during the Moon'^s motion through, the arc Q^nj 
after which the node m becomes the enfuing node, 

s 

and likewife moves towards the donjunftion c, or 
dire^l, during the Moon's motion through the arc 
iiR. And beca-ufc the arc <^n exceeds nr, the 
retrograde motion here alfo exceeds the direft. 
If the nodes be in the quadratures -q^r, the enfuing 
node R removes towards c, or retrogradcj during 
the Moon's motion through the arc <t.R, or almoft 
the whole femi-orbit. The fame may be Ihcwn in 
the other half of the orbit r o Q^^ith refpc6t to the 
oppofition o i and therefore, in every revolution of 
tl?e Moon, the retrograde motion of the nodes C2c- 

0.3 ^^^ 
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z ceeds the direct ; and, on the whole, the nodes are 
carried round, contrary of the order of the figns« 

A The line of the conjundion ia by the Earth's 
annual motion brought into every pollible fituation 
with reipeft to the nodes in the cburle of a year, 
independent of their own proper motion; which 
lad: occafions the change of ficuacion to be per-^ 
formed in about nineteen days lefs. 

B- The inclination of the Moon's orbit being the 

( angle which its courfe makes with the, plane of the 
ecliptic^ it is evident from what has been laid, that 
this angle is almofl continually changing. Sup- 
pofe the line of the nodes, by its retrograde motionj 
to leave the conjunftion c, fig. 6 .), and become in 
the fecond and fourth quarters as in the pofition 
M N, and the Moon to move from the node m to 
the node n ; then, becaufe the enfuing node n 
moves (228, x) towards the conjunftion c, whil^ 
the Moon is in the nearer half of its orbit, 
the Moon's courfe muft be continually more and 
more inflcdled towards the ecliptic, till its arrival 
at R. This inflexion in the firft 90°, or m a from 
M, prevents its diverging fo much from the eclip- 
tic as it would otherwife have done; that is to 
fay, it diminiQies the angle of the Moon's inclina- 
tion. From A_to r its courfe begins to qonverge 
towards the ecliptic, and this convergence is in- 
creafed by the inflexion which in the preceding 
90° prevented its divergence : in the arc a r then the 
inclination is increafed. During the Moon's motion, 
frdm R to N, the node is moved towards the op- 

pofition 
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pofinon dittid cdnlcqucndy the single of its courfe 
to U is i^endercd Icfs than it would have been if the 
node had not moved; or^ in other words, the in- 
diiiatidii is dirifiiniflied. And becaufe Ae are m a 
added to the are r n is greater than the arc a r, the 
inclination at the fubfequenc node is lefs than at 
the p^eced^ht node ; dlid the fame may be (hewn 
in the other half revolution N q^m» Therefore, c 
while the nodes art moving from the rdnjunftion , 
and oppbfition to the quadratures, the inclination 
of the Moon's orbitj on the whole, dlminiflies in 
every revolution till they arrive in the quadratures, 
at which time it is lead of all When the line of d 
the nodes has pafled the quadrature^ and is in the 
firft and third quafters,^ as in the pofition m n, it 
is eaQly (hewdj by the fame kind of argument, that 
the inclination is incteafed while the Moon pafles . 
from m to Q^ then diminiihes for the remainder 
of the firft 90° or c^ a, and is afterwards increafed for 
the other 90° oi* an; and the fame may be proved 
for the other half revolution nRM. Confcqucntly, e 
while the nodes are moving, from the quadratures 
to the conjundion and oppofition, the inclination is 
increafed by the fame degrees as it before was ^ di- 
minifhed, till they arrive at the corijunftion and 
oppofition, at which time it returns to its firft quan- 
tity, being then greateft of all. 

The line of the nodes in the courfe of one en- f 
tire revolution,, with refpc£t to the Sun, is twice 
in the quadratures and twice in the conjun£l:ion and 
oppofrtion. Therefore, the inclinauon of the 

0^4 Moon's 
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Moon's orbit to the ecliptic is dimini(hed and in- 
creafed by turnS; twice in every revoiucbn of the 
nodes. 

All the irregularities of the Moon's motion are 
a little greater when in the half of its orbit nearefl: 
the Sun^ than when it is in the other halfpthe 
chief reafon of which isj that the difference be« 
tween the fquares of the Moon's and Earth's dif- 
tances from the Sun is greater, in proportion to 
the iquares themfelyes, in the fornaer than in the 
latter cafe at equal elongations from the quadra- 
turCj and confequendy the difturbing forces mud 
be more confiderable. 

H Although the Moon in reality^ revolves about 
the common center of gravity between itfelf and 
the Earth, and not about the Earth itfelf, and con- 
fequendy their mpdoris and irregularides are (imi- 
lar, and not confined to the Moon alone \ yet it 
maybeeaOly conceived, that the cpnclufions are* 
not afFeded in any degree that may be here re- 
garded, when, for the fake of concifenefs, we fup- 
pole one of the two^ bodies to be quiefcent, and 
the other to revolve about it. 

1 Irregularities of the fame kind take place among 
the primary planets by their mutual aftions on each 
other, but the quandties are not confiderable. 
Hence the apfides of the planets are found to move 

' (ai4, o) in conftqucntia, but fo very flowly, that 
fome have doubted whether they move at all. 

K The motions of the aphelia of Saturn, Jupiter, Mars, 
the Earth, Venus, and Mercury, as deduced from the 

comparifon 
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comparifon of diftant obfcrvations, arc refpeftivelyi 

i^T 10^, I** 57' 40'^ in a century. The aflions l 
of. the inferior planets on each other are very mi- 
nute, on account of the fmallnefs of their bulks ; 
but thofe of Jupiter and Saturn arfe hot altogether 
infenfible. When Jupiter \s between the Sun and m 
Saturpj its whole attraAion a6ts upon Saturn, and 
incrcafcs the gravity of that planet towards the 
Sun. This is found, by comparing the re(pedivc 
maflcs of Jupiter and the Sun, and the refpeftivc 
fquares of their dlftances from Saturn to be equal 
to T^-r of the Sun's aflion upon Saturn. Saturn^ n 
on the other hand, at the conjundion, a£ls upon 
Jupiter and the Sun in the fame diredion, and 
therefore difturbs their relative poGtion only fo far 
as its actions on each are not equal. The difference 
of thefe adions is found by the fame principles to 
be T-yVr of Jupiter's whole gravity/ 
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CHAP. IV. 

OF THE FIGURES OF THE PLANETS; THE PRE- 
CESSION OF THE EQUINOXES, AND THE NUTA- 
TION OF THE EARTH's AXIS. 

o A MASS of fluid matter will, by its gravity, 
form itfelf into a fphcrc. For if the whole itiaft 
be conceived to be divided into a number of firai- 
lar pyramids or columns, terminating in the center 
of gravity, and one of thefe columns be longer 
of higher than the red*, its projefling part will 
Ipread fideways over the other columns, till the 
heights are all equal to its own» The fame is true 
of any other eminences or longer columns. There* 
fore, when all the fubfidences are eflPeded, and the 
itiafs is at reft, its form will be that of a folid, 
whofe furface is every where equidiftant from its 
center. And this is the property of a fphere. 

p This takes place in a mafs whofe parts pre- 
ferve the fame fituation with refpeft to its ccnterj 
but if the fphere be caufcd to revolve on its own 
axis, a centrifugal force will be produced that will 
diminifh the gravity of all its parts, except thofe 
which are fituated in the axis of rotation. This 
diminution will be greateft in the equator, becaufc 
the velocity is there greateft, and becaufc the cen- 
trifugal force adts direftly againft the force of gra- 
vity. And the nearer any parallel of latitude or 
circle of rotation is to one of the poles, the Icfs 

wiU 
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Will tbe gravity of the parts be aSeded> both the 
above mentioned caufes being lefs. < The equtli* 
brium, before fubfiiling between the columns^ in a 
Iphcrical figure, will confequcntly be deftroyed, 
and the fatfne efFeft mud take place, as would have 
followed if the columns at the polar regions had 
been lengthened or aughiented in mafs beyond thofe 
near the equatorial parts, that is to fay, the columns 
near the poles will fpread over thofb towards the 
equator, till the di£lx;reiA:e of their lengths com- 
penfates for the difference of their gravities. Thus <i^ 
the fphere, by its rotation, will be changed into a 
. fbltd, whofe radii, drawn to the center, are longeft 
hear the equator, and ihorteft towards the polesj ' 
the axis being the fliorteft of all its diameters; 

By computation grounded on thefe and other & 
cohfideradons, it is ihewn, that bodies at the equa«> 
tor of the Earth lofe more than ^ttt part of their 
gravity^ and that the equatorial diameter is to the 
axis as 23 1 to 230, upon the fuppofition that the 
Earth is every where of the famr uniform denfity. 
For what has been faid of a fluid mafs will hold ^ 
good Itf the Earth, finceif it were not of this figure^ 
but fpherical, the ocean would overflow the re- 
gions near the equator, and leave the polar regions 
^ elevated many miles above the level of the fea. 
But experience Ihews, that the land is in general 
no more elevated above the lea in one part of the 
globe than another. 

This decreafc of gravity towards the equator T 
}^ riemarkably feen in the motion of pendulums. 

For 
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For a pendulum, which in a higher latitude vi- 
brates feconds> is found to go flower at the cqua- 
^tor^ and that in a much greater proportion than 
can arife from the lengthening of the rod by hear, 
nay, even in the coldcft parts of the mountains of 
Spanish America, which arc conftantly covered 

u with fnow. From the juft mentioned quantity of 
diminution of gravity, it is not difficult to com- 
pute the length of a pendulum (87, y) which (ball 
vibrate feconds in a given latitude, and from the 
agreement of thefe computations with experience, 
the oblate fpberoidal figure of the Earth, as alfo 
the diurnal rotation from which it originates, are 
both confirmed. 

V The fame conclufiop has llkewife been obtained 
from the labours of many ingenious and learned 
men, who hive actually meafured the lengths of 
certain portions of the meridian in different lad- 
tudes, by which it appears^ that the degrees are 
Ihorter towards the equator than nearer the poles. 
Whence it follows, that the meridian is more curved 
near the equator, and lefs near the poles, or, in 
other words, that the Earth is flattened about the 
polar regions. 

w The meafure of a degree of the meridian, be- 
ginning at the equator, was , f9und to be 56750 
French toil'es, and the meafure of a degree df the 
meridian cutting the ardic circle, was found to be 
57422 French toifes*. 

« See De la Lande's Allronomie, { 265 5, & feq. for a de- 
tail of the principal enfierprifes oa ikib intereftiog fuhjeS. 

Tbefc 
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Theft mcnfurations conftitute the experimental x 
proof of \he Earth's rotation on its axis,; for it 
is evident, that a centrifugal force cannot be pro* 
duced but by an abfolute motion : and as the efiefls 
of thiis force arc obferved in the figure of the Earth, 
and not at all in the heavens, the motion of the 
£arth muft be abfolute and real> and that of the 
heavens only relative and apparent. 

The planet Jupiter revolves on its axis in k6 t 
than ten hours; a rapidity which much exceeds 
that of the Earth ; and its figure differs accord- 
ingly much more from that of a fphere, its equa- 
torial diameter exceeding its polar diameter, ac* 
cording to the obiervations of aftronomers^ as 1 3 
to 14 ( 1 26). 

. It has alfo been already noticed, that a (imilar z 
phenomenon is fcen in the planet Mars (i26). 

If a number of fluid bodies revolved about a 
the Earth at equal diftances from its center, they 
would, by the aftion of the Sun, or any other • 
planet, be fubje6k to irregularities of the iame 
kind as the Moon has been Ihewn to have in its 
motion ; that is, . they would approach nearer, and 
move fwifter at the conjundion and dppdfition than 
at the quadratures (aai, i. 222, l^. And if the e 
number of bodies were fo great as to become con- 
tiguous, and form a fluid ring or circle, the parts 
of this ring would be afFcftcd in the fame manner. 
if it were inclined to the ecliptic, the nodes would 
be ftationary when in the conjuhftibn or oppofi- 
tion (226, u), and be carried in a retrograde direc- 

tion 
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don in the other revolutions (129, z), but moft 
fwiftly when, they were fituated in the quadratures 
(226, u). Its inclination would Kkewife vary in every 
revolution (230^ b), and in a fpace of time fi>me- 
what le& than a pertocKcal year would be diminifiied 
and increafedy by turns, twice (230, a. 231, f). 

Suppofe this fluid ring to be of the fame dia* 
meter as the Earth, to be placed in a cavity hoi* 
lowed round the Earth at the equator, and to re^ 
volve in the fame time and direction as the Earth 
does on its axis. Its motion would iiot then be 
uniform (2371 b), but at the conjundtion and op« 
pofidon fwifter than the (urface of the Earth, 
and flower at the quadratures ; corifequently, with 
rclpeft to the furfacc of the Earth, it would ebb 
and flow like a fea. For, by realbn of the increafed 
fwiftnefi at the conjunflibn and oppofition, and 
the retardation at the quadratures, the fluid, be- 
tween the conjunftion or oppoficion and the en- 
fuing quadrature, would form a cumulus or heap, 
while a correfpondcnt defeat would happen in the 
other quadrants preceding the conjundbn and opp 
pofltion. 

If this ring be now fuppofed to be frozen or con- 
verted into a folid, the flux and ^ reflux will ceafe, 
but the precefllon of the nodes and the Kbratory 
increafe and decreafe of the inclinadon will re- 
main (237, b). Suppofe the ring to adhere to the 
furface of the Earth at the equator, inftcad of be^ 
ing admitted into a cavity ; it will then commu- 
nicate part of its motion to the Earth, the nodes of 

wt^ofe 
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inrhble equator will recede, but with a much flower 
motion than thofc of the ring would have receded, 
if it had not adhered to the Earth; and the cb\w 
qulty or angle which the equator makes with the 
ecliptic, will be diituoiihed and increafed alternatdf 
ftwice in a year. 

, The elevation of the equatorial parts of the K 
£arth have the fame effe'6t as ruci> a ring would 

m 

have; for the excefs of matter in thofe regtons 
iupplies its plfu:e. 

Aftronomers begin the year in the Spring, when p 
the Sun is in that npd^ of the equator, or equinoc-i- 
tial point at which the days begin to lengthen id 
the northern hemifphere. Now it is plain ( 1 87 ), th^t 
if the equinoAial points had no modon, the 
Earth would complete one 'revolution in its orbit 
'in the fame time that the Sun employs in appa* 
rcntly pafling from one of the equinoxes, and re- 
turning again to the fame. But, bccaulSa of the 
retrograde motion, the line of the nodes, of the 
equator, or diameter of the Earth which joins the 
eqiunQ(5lial points, is brought to coincide again 
with the line which joins die centers of the Sua . 
and Earth, before its periodical revolution is com- 
pleted; and therefore the circle of the ieafons is 
performed in lefs time than the Earth's revolution 
in its orbit. The adions both of the Sun and o 
Nloon on the redundant matter in the equatorial 
regions tend to produce this motion, which is 
fo floW) that a complete revolution will not be 
finilhcd in lefs than twenty-five thoufand years. 

This 
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H This is called the precefHon of the equinozest and 
is the rcafbn that the fixed ftars appear to advance 
in longitude about fifty feconds of meafure jn a 
year : whence it has happened, that, fince the time 
of Ptolemy, the zodiacal figures have advanced 
the greateft part of a whole fign: the conftellanon 
Aries being fituate in that part of the ecliptic 
vrhich is denominated from Taurus, Taurus in the 

I place of Gemini, &c. The difference between the 
natural year or period of the fcafons, and the pe- 
riodical year, or time of the Earth's revolution in 
its orbit, is 26" 34!'; for the natural year confiils 
of 365"* 5»» 48' 45V% and the periodical year of 

.^es^ 6"^ is' 2cy\ 

K .The fideral year, or time employed by the Sun 
in returning to the lame apparent pofition with re* 
. fpca to a fixed ftar, is 365^ 6^ 9' i''^. The difiercncc 
between . the periodical and fideral year is occa* 
fioned by the motion of the apfis of the Earth's 
orbit (a 16, k). 

L The libratory variation of the inclination o( the 
equator to the ecliptic is termed the nutation of 
the Earth's axis. The theory of attradioa had 
afcertained its exigence long before agronomical 
obfcrv^tions were brought to a fufBcient degree of 

ptrfeftion to render it fenfible. Its whole effedt 

« 

fcarcely amounts to 18 feconds. It was firft ob- 
ferved by Dr. Bradley *• 

* Phil. Tranf. January, 1748. 
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CHAP. V. 



Of the, tides. 



Though the caufc of the tides may be col- M 
IcGtcd from what was faid in the laft chapter; yet» 
as it is tl^e' only obvious inftance we have of the 
mutual gravitation of the celeftial bodies, it will 
be proper to give a nH>fe particular explanation 
ofit. 

If the E.arth were every where covered with a h 
deep (ea> it is plain> from the reafons before re^ 
cited (%38> c)> that Hhe water would not, in the 
diurnal rQtation> move with the fame uniform ve« 
locity as the Earth. For, if the apparent diurnal 
revolution of the Moon be called a lunar day, and 
be divided into twenty^four equal parts or hours, 
the ;water (ituated near the meridian over which the 
Moon at aoy time is, will move fwifter,. and the 
water fuuated near the meridian fix hours to the 
eaftward or weftward> will move flower : becaufe 
the water on each parallel of latitude may be 
conceived to be a fluid ring, and will be affe&ed 
by the difturbing force nearly in proportion to 
its diameter. The fea, then, being accelerated 
at the meridian upon which the Moon is, and 
retarded at the meridian, that is gd" or '6 hours 
to the eaftward, will be accumulated between the 
two places i its greatcft height being at the half 

Vol. I. R diftance. 
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dtftancci or meridian which the Moon has paffed 
threehours. And on die odicr hand> die retarda- 
tion at the quadrature to the weftward, prevcudng 

« the water from flowing as faft as the acceleration^ 
at the meridian at which the Moon is> canies it 
away» the fea muft of courfe be deprcfied between 
the two places^ its greaceft depreffion being at the 
half diftance, or meridian at which the Moon will 
arrive in three hpurs. A fimilar accumulation and 
dimmution will happen at the places which are 
diametricalljr oppofite to thofe here defcribedi 

o diough not altogether f[} great (232, c). The 
difturbing fi>rce of the Sun will a6b in a like man« 
ner^ butleis ftrongly; for> though the Moon's at- 
tractive force be vaftly lels than that of the Sun^ 
yet, becaufe its diftance in comparifon to that of 
the Sun from the Earth is very fmaU, the forces 
with which it z&% on difitrent parts of the Earth 
will vary more confiderably from parallelifin and 
equality ; and the irregularities in any fyftem, which 
arife from the actions of forces from without, are 
occafioned (791 w), not by the whole actions of 
die forpcsj but only by their differences in quantity, 
or want of parallelifin in direction. 

p Thus, it is evident, that the iea, as far as dr« 
cumftanccs allow^ muft. in every place be raifcd 
to its grcatcft and leaft* height, alternately twice in 
each lunar day. Being elevated once at^^hree lunar 
hours after the Moon has pafled the meridian of 
the place, and once at twelve hours after, or three 
hours after the Moon has pafled theof^iofice part 
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of the Tatlie meridian ; and at fix hours after each 
0f theft elevations Its greateft depreffions follovir, 
Thtaf appears by the tides in the Atlantic ocean on q^ 
the weftern coafts of Europe and Africa, and in the 
Pacific ocean on the open coafh of Afia and Ame* 
Ilea, where high- water always happens about the 
third hour after the Moon has pafied the meridian, 
except where the motion of the fea is ibmewbat 
impeded by flats or (hoals. 

The effeds of the difturbing forces of the Sun r. 
md Moon are not feen diftihflly, but compound- 
itig wijth each other produce a motion which is dif- 
ferent fi-brh what would have arifen from the fingle 
adion of either luminary. At the time of the conjunc- s ^ 
tion^r oppofitfon their effefts are united,^ and the 
ddes are greateft, being what are called Spring- 
tides. When the Moon is in the quadratur^e, the t 
Sun's a£Hoa raiies the water where the a£lion of 
the Moon depfefl^s it, and deprefles it where the 
ddion of the Moon raifes it: fi*om the difference 
of their actions therefore arifes the leaftj or, as they 
are csdled. Neap-tides. And becaufe the action u 

* 

of the Moon exceeds that of the Sun, high^water 
follows neareft the third lunar hour. At other times v 
highwater arifing fi-om the lunar force would hap« 
pen on the thir^ lunar hour, and ^hat which arile$ 
from the Sun's force on tbe thirdJblar hour ; but 
the forces being compounded, produce a tide which 
happens at fome intermediate time, though always, 
on account of the greater force, neareft to th€ third 
lunar hour* Confcquently, when the third folar w 

R ft hoiu* -^ I 
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hour precedes the third lunar hour, as is die cafe 
while the Moon is in the firll . fhid third quarters^ 
high-water happens fooner than the third lunar 
hour, and the contrary happens when the third 
Ijjnar hour precedes the third folar hour, as ro the 

X (econd and fourth quarters. J t is to be noted, that 
no diftin£tio« is here made between the hour of the 
Sun or Moon's paffiqg the meridian above the 
horizon, or beneath it; the efie£k being nearly ^ 
fame with reipe£t to the tides. 

y The effedts of the difturbing forces of the Suo 
and Moon depend likewife upon their relpedi?e 
diftances from the Barth. For thefe eficfts are 

z greater at lefs diftances. And therefore in winter, 
when the Earth is in its peribeliup, the Sua being 
nearef, caufes the ipring-tides to be fomewhat 
greater and the neap- tides fomewhat Iefs> tha(^ in 

A the fummer; a^d the Moon being each month in 
its perigeum, does then, in like circumftances, 

B caufe greater tides than at other times; whence 
it happens, that if a great* fpring*tide hapj^ms 
when the Moon is in its perigeum, the next fpring* 
tide will be kis, becaufe the Moon will ,bc then 
in its apogeum, or greateft diftance. 

c The tides vary likewife in confequence of the 

D varying declinations of the Sun and Moon. Fur 
if cither of thefe luminaries were fuppofed to be 
at the pole, it would neither accelerate nor retard 
the diurnal rotation of the water, but would oc- 
cafion a conftant. elevation at the poles, by di- 

. minifbii^ the cfFcift of gravity there, and a con* 

ftaot 
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ftant (fepreffioftat the equator, - from an cppofite 
caUfe*^(!2i^,c. 2ao/'H}v Tfiercfore,' -no alternate 
itfeftfndfaM of the water, di^tide, would be produced. 
Confeqtkaitly, as the Sui^' and Moon decline to- c 
wardfi *^he pole, tKey' gradually lofe their effedls, 
and the t-fdes bcfcome lefs confiderable. Whep the- f 
Sun. is in the equator^ ' : and the Moon at the tr6pic, 
or its greatcft declination, the tides are lefs than 
when the -Moon is at the equator, and the Sun in 
theisropic: becaufe, in the firft cafe, the Sun's irt- 
fluenceis' the greatcft poflible, and the Moon's 
Icaft ; aiid in the latter, the Moon's influence is the 
gre^eft poffible, and the Sun's leaft : and as the 
tides depend more ^pon the Moon^s influence than 
that of the Sun, they are ^greateft when itfe afbion 
is ^rcaicft. WhenMh^ 'Sun and Moon %fC'both o 
ia tter equator, the fpring-tides are the greateft of 
any*- However, bccaufc 'the lEarth is neafer the h 
Sun in winter than in fummer, the ' greateft au* 
tumnal fpring-tidcs - are generally*^ later than .the 
oquiliox; knd the greateft vernal ;'^rtng- tides arc 
geifterdlly before the eqairtox. ' '• '"'-'-^ 

'W4ien the Modh declines either tp the"" north* ^ 
ward 6r fouthwani of the equator, one df the greatcft 
e}evaiiot)0 of tfie water fdllows ." the filbb^, and 
de£crib|!S nearly thd' fame parallel' of latitude as 
the Moon, by ^the diurnal •motion,* appiarently ^e- 
icribes; aiui the other greateft elev^ion being 
diametrically oppofit^s mtifli, of 'courfc, defcribe a 
pjiraUef of latitude at an equal' diftance on the 
ether/fide of the equator; The, greateft elevation, 

. ' R 3 which 
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which moves on the iame fide of the equatcfr with 
a given placej will come nearer to it than the op^ 
ic pofice elcvadon ; and therefore when the Moon 
declines towards ^e iame fide of the equator as 
that on which the given place is fituated^ die day* 
ddes» or tides which happen while the Moon is 
above the horizoni will be ^reateft» and the nijght* 
ddesy or thofe which happen while the Moon is^ 
beneath the horizon, will be leafr. And the con* 
trary happens when the Moon declines to the odier 
t fide of the equator. ThuSi the elevation at hi^- 
water is alternately greater and lefs i aqd the dif* 
> ferencc h greateft when the Sun and Moon both 
defcribp the fame tropic, becaufe the Oppofite ek- 
vations then defcribe the tropics^ which ait thf 
far theft from each othjpr of siny two parallel eh^s 
they can poflibly defcribe. This difitrenoe is 
,. found' to be aboM( a ^t at Plymouth, and fifteen 

inches at BriftoL 
^ If the adions of the Sqn and Moon were to 
<:eafe at Qncpi tbe tides would not iinmediately eealc^ 
but would coiirinue for fame time by the ynd^ 
lating mptionof ;h^ w^ter, Tliis miduladon wofiU 
be greater, ]f the actions were to iceafe at the dme 
N of a great tide (h^ 9^ ^ ^^nc of a \t&i and there* 
fore lefs tideS| w{iict^ fucceed greater, are more in« 
ipreafed by it than greater ddes which fucceed left; 
confequently the d^erencf: between the dde^ is mu 
dered le(^ than it would otherwi(<^ h^vt hem, and 
fhe greateft fpripg and iaeap*tides do not happen 
precifely at the conjuniftion or eppofidon^ and qua-> 
dratures, bqt two or three tides later. 

If 



U cbje.grcaceft acdderauon and retardodon of the o 
' ^urnal motion (^Ufi, k) cannot fubfift in the fame 
fia at the ^me tia^, the accumulation or defeft 
muft ccgifcc^mdy be Icfs; that is to fays if one of 
the ihores ot coafts of any fca be lels than ninety 
degree^ to the eaftward or weftwaid of the other» 
and the;eaftern coaft^ for inftaoccj be inimediately 
under the Moon, the acceleration willj by caufing 
the water to rife, occafion a defeA or fall to tbf 
weftward, becaufe the weftern parts, beir^ rettrdfsdi 
do not foW^w with a velocity £u{$cient to fupply 
what is carried to the eaftward by the acceleration} 
and the greater this retardation the greater the defed) 
or fall But (ince by the fuppofiticQ the weftem (horc 
is not 90 clegrees diftao^ the reurdadoo is not there 
G> great as it would have been had the fea been wi<}eri 
and thereibre, the fall in that fea Is not {0 gr^<i 
By a iil^e argument it appeals, that wbeo the Moon 
is at the meridian of tho weftem coaft the ekvatiOQ ' 
is leis, if the fea be lefs than ninety degmes from eaft 
to, weft. Hence in fmall inland feas thp tides ase p 
inq^pliderable ; and for this canfe, b .^e Attodc 
ocean the tides do net rife fo h^ Imiwcw cIm t^ 
pics as they do farther to the north or foMth» the f» 
being narrower between America and Africa in the 
)ow^ ihan in the h^her latiiudeii. From hence 4^ 
aUb follows the reafon why the Qdes ace fe fmall as 
they are found to be at the iflaods of >St« Helena juid 
Afcen(ion,: which lie in the mlddic of that feai. for, 
fmce the wa|:er cannot rife on the Ihone bufc by 
falling at the other, it muft condnue at a meau 
height at thefc intermediate diftant iflands« 

R 4 This 
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m This theofy of die tides is perfedty con(etitaner 
ous to experience in the open and deep oceansi 
and in the lefler feas, as has been obfe?<M, the tides 
are very fmall. But, when thofe left fe^s iiave 
a free communication with the ocean, die ddc flows 
into them in a kind of wave, which on its arrival at 

8 any place caufes high water. Thus it is high* 
water in the- ocean to the weft ward of England and 
Ireland at the third lunar hours after which it be- 
gins to fubfide. This fubfidence muft, of couHe, 
raife the water round about ; whence a flood begins 
to enter the £ngli(h channel at about the fixth houi^ 
its courle being retarded by the lltallowncjs of the 
water. Another flood enters the German (ea to the 
northward, near the Orkney iflands, and proceeds 
to the ibuthward. As thefe floods 'prboeed on theb 
refpc&ive clnirfes, it is high-water fiicceffivcly at 
every place on the coafts £(t. which they arrive, and 
when the wave has pafled any place the water be-; 

T gins there to fubfide. Fpr example; it is highr 

'• water at Plymouth about the fixth hour, at the ifle 
of Wight iabout the ninth hour, and at London- 
brklge about the ^eenth hour after the Moon has 
pafied the meridian, and caufed the tide in queftton. 
Therefore, when it is high-water at Plymouth the 

. water out at lea has half iubflded; wheii it/ is 
high- water at the lile of Wight it is low water out; 
at fea; and when it is high- water at London- bridge 
it is k)w water at the Ifle of Wight, and a fecond 
flood or ekvanon has already com^ to its height out 
fttica. 

There 
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• Th0i*c are ficuations V^bere the tide may be ear* 
jit^d to the fame port by different paffiiges or chan*- 
Bcl^ and may paf& quicker through one paf&ge^ 
than another 1. . in which cafe> the fame tide, arriv-' / 
ing at ^different times throu^ the different pafiageSg* 
mult occafion a variety of phenomena, Suppofc w 
two equal tides to arrive at the fame port fipm <iif«i' 
ferem places ; tlje qm a& the thirds and the other ae 
^e ninth hour after the Moon has ^afled the meri-» * 
diao; the 6rft tide therdfore precediiig the latter liy^ 
fix bcnirs ; and fuppofe the Moon to be at the equa* 
tor: then, every fiK Hours a* tide will' arrive, which, 
flowing in at the 'iame^ time as the preceding eguat 
tide ebbs out, will caufc the water to continue at 
ihe fame height, and thus it will neither rife nor faU ' 
during the whole day. But if the Moon decline 
from the equator, the tides in the Ocean will be' 
alternately greater and Icfs, as has been obftrvfed;' 
and therefore, there will arrive at this port, alter- 
sately^ two greater floods proceeding from thd 
greater tide in the ocean, and two lefs' flbocJs pro^; 
ceedtng :^om the Iclfcr tide in the ocean. At the 
nxeanoriatermedfaie'tinib between the ar rivals of 
the two greater tldc5> thewttcr will then befiigh^ft; 
between a greater and a kfs dde k will be at a 
mem, height -, and loweit cif all at th^ middle time 
between the arrivals of th^ two Icls tides: *B/theIc 
meat^, in the fpace of twenty-four hours^,^ the fea' 
will rife to its grcatcfl:, and fall to its leafi: height 
^ut once, inftead of twice, as 'in general ic does in 
other places s and if the Moon decline towards the 

{sitae 
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fymt fide of the equator^ as chat on which die port 
i» fi(uated> .the two greater tid^BS will arrire at the 
third aod ninth hour;;, and the greateft ekvadon 
will be at the. fixth hour^ or at about Ac ietting 
of the Moon: the kaft elevation will oonle- 
queotly hap^n between the two leafl: ti(tesj at the 
eighteenth ho^F, or about the riling of the Mooiu 
And the; fame eSe&s will take place when the 
Moon declines to the contrary fide of the equator ; 
but with this difference^ that whereas high and low 
water happened then refpedivelf at the fetting and 
rifing of the Moon^ .they will is the prefent cafe 
happen refpe£iively at the rifingandTctting of the 
Moon. 
w A remarkable inftance of all thefe paiticulars is 
adduced by Dr. Halley^ in the port of Ba^Iha, in 
the kingdom of Tonquin^ which lies m ao° 50' 
nor^ latitude. There^ on t^e day on which the 
Moon pafies the equator> the water ftagna^s ^ after- 
wafdsy on jthe Moon's declining to the northward, 
it begins tQ ebb an(i Sow; not twice in the day, as 
in other ports, but once only i and h^h^water 
})appens,,at ^lie fetting* and k>w water attheiifing 
of the Moon. . .The tides increafe wkh the Mooa's 
declinadoQ for ieyen or c^ght dayst after which, for 
the next f^ven , days, they decreafe by the fame gra* 
dation as tl^ey before increased, till the Moon's 
arriva) again ^ the equator, when they ceale, and 
upon its cbangjng.its 4c^clination are reverfed. For 
while its declination becomes foutherly, low-water 
happens at the fetting, and high-water at the rifu^ 

••*■-■•' of 
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of the Moon ; which continties till its declinatioQ 
^ain chaQgrs> Now ic appears, chat the tide muft 
come CO this port by two inlets or pa^a^es; one be-p 
cween the continent of China and the ifland Luco« 
nh, communicating with the Chtnrfe ocean, and the 
other between the i(|and of Borneo and the conti'^ 
nenc. But whether the tide arriving from the Indan 
ocean, after a courfe of twelve hours, and from the 
Chiqefe 'ocean after a courfe of (ix, and thence hap- 
pening on the third and nn)th lunar hoifrs, be the 
catife of theft appearances § or whether fome other 
drcumftances may not bp concerned in producing 
the eflfeft, muft be determiqfd by o)»|ervattoos on 
the neighbouring (:o4fts« 
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I 

CONCERNING THE MOTION OF XIGHT. 

In the former part of this Treatife our attention x 
has been employed in confidering fuch effects as 
arife from the motions and mutual aftions of bodies^ 
of magnitude fufficient to become the objeds of 
our fcnfes. It may be eafily {een> that phenomena 
of this kind are but few compared with the very 
great number of operations which arile from the 
actions of bodies too minute to be determined but 
by deductions or inferences made from their efiedls. 
We have contemplated the great outline of the uni* 
verfe^ and its vallnels cannot but excite the aftonifh- 
ment of creatures who are deftlned at prefent to 
occupy an exceedingly Tmall part of it. As we pro* 
ceed to examine that fmall part^ we (hall devdope a 
fcene of another kind, which, though expanded 
through a lefs portion of fpace, is equally immenfe 
and unlimited with regard to the field it affords for 
admiration and perpetual difcovery. 

The fuccefs of every enquiry depends in no fmall y 
degree on the order employed in the feveral re* 

(earches 
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Ictrchet to bo nwdc It b obvious^ tiul die ppo^ 
btbificy of error is gyeater the ttiore complicated the 
SjbyA I whence the necefliqr of firft txamming the 
noft fimpIC) and thence proceeding to more com* 
pounded objefts» is evident This principle kads 
u$, in our conflderation of the pardcular propertfes 
6i various bodies to attend firft co rhofe of light* 

It is generally agreed, that light confifts of froall 
bodtes'or particles, prcjefted with great velocity in 
all diredions^ from the luminous or radiant .body. 
No folid objeflions have been made to this h3rpo- 
tbcfis, which appears to be more fimpie than any 
other, and is perfectly confiftentxwitb all the pbe- 
nomena yet obferved; and thefe are (6 many and 
lb vgrious its toleafie very Utde doubt of its truth. 

The velocity of light was firft determined by 
MonC Romer» from obfervations on Jupteer's 
Moons (14b, w) and die meafiire deduced from 
his obfrrvaaons was afterwards confirmed and eflb- 
Uiflicd by the difcovery of the aberradon of tho 
fixod ftars. The principles on which diis ^co« 
vfry is foonded may be famiiiaily explained as 
fellows*. 

Supppft a tube to be ere&ed perpencficular to 
the hpriaon, at a dme when it rains, the droptf 
bXthg perpendicularly down, and fuppofe the 
^amecer of the tube to be fuch as to admit but 
one drop at a dme: then it is plain, that if a 

* l%e original account of this difcovtry may b^ feen in s 
paper by ic» inventor Dr. Bradley, inferted in the Philofo- 
phicsl TxiMtfu^Qps for the year 1 728, No. 406. 

I s drop 
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drop of wacer eitt<r the orifice bf the tube it wtU 
fall to the bottom without touching its fidcs.^ 9dt 
if the tube» without altering its perpendicubritjr^ 
be moved along in the direction of the hortzoi^ 
any drop that enters will ftrike agatnft one of itt 
fides, and none will pafs clear through while, the ino<^ 
tion condnues, unlefs die upper end of the tube be 
alfb indincd towards' the part to which its motion 
is diredled 

Thus, if AB' (fig. 70) rcprcfent the horizon, cd c 
the perpendicular tube, and g d the courfe of a drop 
of rain : then, if c d be moved towards a, while 
the drop js &Uing within the tube, it is evident diat 
the inner fur&ce of the tube, which is ficuate^ to- 
wards B, will be carried againft the drop, and pre- 
vent its arriving at the bottom without touching. 
But if the inclined tube £ c be moved with a fimi* 
lar motion to that of the drop from s to d, in the 
time that the drop moves from' c to o, the lower 
orifice of the rube and the drop will be found at 6 
at the fame inftant ; and the vclocit? of the drop 
will be expreflcd by cd, and that of the tube by 

The fame reafoning holds good, if inftead of o 
drops of rain we fuppole pardcles of light, and a 
telefcope inftead of a tube. For to an obferver^ 
who through the tube c d views the vaftly diftanc 
obje(5): g, if the motion of light be inftantaneous, 
or infinitely fwift, no finite motion of c d, its pod- 
tion being unaltered, can prevent its being vifible; 
fince, by the fuppQfition, the light which enters at 
» c will 
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e will arrive at d before c d can have cifoved at all. 
Sue if light be propagated in time, and the Obferver 
be tarried by a motion fimilar^ as to acceleration, 
«D that of llghti the tube muft be inclined to the 

, ray in an al)gle, whofc fine is to the fine of c £ d, 
or the angle the tube makes with the line of the 
obfervcr*s motion, as the velocity of the obferver 
is to the velocity of light. For in the triangle dc e, 
the fides D E and d c, which expreis thefe veloci« 
ties, are as the fines of their oppofite angles^ Hence 
if the angle of the inclination of the tube to the ray 
of lightj together with the velocity and direction of 
the oblcrver*s motion be , known> the velocity of 
light may be determined. 

£ By this theory, which is eftabliihed by a great 
number of obfervations on fiars of different mag'- 
nitudes and fituations, it appears, that the fmaH 
apparent motion the fixed ftars have about ' their 
real places, which is called their Aberration, 
arifes from the proportion which the velocity of 
the Earth's motion in her orbit bears to that of 

F light. This proportion b found to be as 102 lo 

^ to I : from whence it follows, that light moves or 
is propagated as far as from the Sun to the Earth 

G in 8^ 1 2^\ And it likewiie appears, that the velo- 
city of light is uniform, and the fame, whether 
original, as from the ftars, or ccfleftedy as from the 
fatellites of Jupiter ( i40,.w). 

H The velocity of light being known, an efti- 
mate iafiight be made of the magnitude of its par* 
ticles^ if we were in poflcffion of good obftrva* 

dons 



tions <d the cffcds of their tnofnentumk For 
cgsample] it is founds that a ball from a cannon 
4itits firft diichar^ flies with a ydocity €£ about a 
mile in^ eight fecondsi and would therelbre arrive 
at the Sun in thirty-two years^ fuppofing k to move 
-with unremitted velocity* And lights as was before 
ofaferved, moves through diat Ipace tn about ^hc 
xninutes> which is two million times as faft. But^ 
^e force with which bodies move are as their mafles^t 
mukiplied by their velocides (i9,i.)j and q^nlc- k 
^uently if the particles of light were^qual in mais to 
the two oiiUionth part of a ^rain of fand> we Ihould 
be no more able to endure their impulfe than that 
of land fliot poiiu: bbok frpm the mouth of a 
cannon. > 

Froni {he iev^eml experiittents f that welt deferve l 
'to be repeated^ in which the Sun's rays were 
ihcownj ^much condenfed^ i^x^n a very light levefy 
fii^ndedfo as tobe removeable horizontallyt it feen^s 
probable that the momentum of light may be great 
enough to be rendered fenfiUe by the velocity it 
cooimunicates to bodies by its impuUe. 

The farity of light is not lefs a matter ef wonder M 
at the firft confideration, than its velocity and the * 
jfninufienefs of its particles. For its rays crofs each 
other in all dire<5tions without the leaft apparent 
difturbance. We can eafily fee through a fmatl 

* Tbw varies according (o the charge of powder and oth^^ 
rircnm^ances. . 

t By Mr. Michel!. SccPitellley's Optics, p. 387. 
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hole, not exceeding the -ri^ part of an inch, the 
objeds, as the fky, trees, houfirs, &c* which occupy 
almoft an entire hemirphere« The light proceed- 
ing from all thefe objeds muft therefore pais at the 
iame dme through the hole in a very great variety 
of diredions before they arrive at the eye ; yet it 
does not appear that vifion is in the leaft difttirbcd 
by that means.' 
I This \sy however, explained without difficulty 
from a well known circumftance reladve to the 
organs of vifion. For the adion of light produces 
an effed on the eye that is not inftantaneous, but 
lafts a confiderable time. Suppofe the efied of 
light on the eye to continue without fenfible dimi-, 
nurion, after the light has ceafed to ad, for the -^^r 
part of a fecond, and it will follow that a fuc- 
celfion of particles of light arriving at the eye, by 
equal intervals, to the number of three hundred in 
a iccond, will be fufficient to excite a conftant 
and uniform fenfation of the prefence of Jigbt. 
And fince the velocity of light is fuch that it pafles 
through about one hundred and feventy thbufand 
geographical miles in a fecond (140, w); this 
fpace divided by 300, will give nearly 570 mites 
for the diftance between each of the abovt-mcri- 
tioned fucceflive particles. It is not therefore to 
be wondered, that the particles of light do not 
interrupt each other, when we attend to their ex- 
treme minutenefe (-257, k) and the very jgreat 
diftance at which they may follow each other with- 
out preventing the conftancy of their cffcd. 

: . That 



OF LIGHT ON THE EYE. 2^9 

Tharthir c&e&: of light on the eye remains for a o 
rime is evincbd from fcvcral obfervacions. We 
are concinually (hutting our eyes,' or winking, and 
Ihould on thofe occafions lofe fight of all the fur^ 
miindtng objefts, if the cffc6t of their light did 
•not continue during the time the eye is fliut* 
Again, if a ftick, or any other objcft^ be whirled 
round in a circle, there is a certain vcbcity beyond 
^ which the objeft will fill the whole circle. This 
experiment is vulgarly made with a lighted fire- 
brandy and obviouQy fhews that thd imprelBon', 
made on the eye by the light of the firebrand, 
Vrhen in any given point of the circle^ is fuffici- 
cntly lading to remain till the firebrand has de^^ 
icribed the whole circle* and again renews its efFedl, 
which is by that means rendered continual and 
uniform. Every one muft have been fenfible of 
the ftrong and laftirig impr/ffion the Sun's di- 
re£k light makes upon the eye; and imprefilons of 
the fame kind from other objefts, though weaker^ 
are much leis fo than is generally imagined. 

With rcfpeft to the duration of the impreffions p 
of lightj it has been obfcrved, that the teeth of a 
cog-wheel in a clock * were fliU vifible in fuc^ 
.cefllon when the velocity of rotation brought 246 
teeth through a given fixed point in afecond. Jh 
this cafe it is ckar, that if the impreflion made on 
the eye by the light refleftcd from any tooth, had 
lafted without fenfible diminution for the 246th 
part of a fccond, the teeth would have formed one 

• 
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unbrokJEh linC) becaufe a ntii VbcA iiKHild h&ve 
'continually arrived in the place 0f the anterior turn 
before its image could have dtfappeared. If a Kve 
coal be whirled round, .it is obferved *j thi^t the 
luminous circle is complete i^hen the rotation is 
performed in -^ of a fecond. In tbk inftance we 
fee that the imprdTion was much diore du^fafe 
than the former. Laftly^ if ian oblerver fiitihg ia 
a' room dire6t his fight throu^ a wtfldow> tb atof 
particular obge£t out of doors» for about half a 
minute, and then (hut his eyes, and cover dieflk 
with his hands, he will ftill continue to fee the 
window, together with the oudinc of t^ie terreftrid 
objedts bordering on the Iky. This appearance 
will remain for near a minute, though octafionsdl^ 
Vanilhing. and changing colour, in a manner that 
brevity forbids our minutely defcribing. Froth 
thefe fads we are authorized to cohcludcj that aU 
impreffions of light on die eye kft a confider^ 
able time; that the brightefl: objeds make the 
mod lading imprefliofls; and that, if the objc6t 
be very br^ht, or the eye weak, the impreffion 
fnay remain for a time ^fo ftrongi as to mix witb^ 
and confufe the fubfcquent imprclfions made by 
other objefts. In the kit cafe the eye ia (aid CO 
be dazzled by the light. 

Q^ The fpace through which light paifes is eallnt 
a medium 5 by which term reference is had to the 

t quantity or denfity of the matter contained in tiic 

* By M. D'Arcy. Sec Mem. de TAcad. dcs Sciences, 
1 765 } or PriciUey's Optics^ p. 634. 
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fpace : thos, gkfs and air ar€ fncdiumsj but a va^ 
cuucDi or ipace abfoju^ljs void» is a tnedium alfo. 

When light paSes throiigiv mediums, cither ab« it 
ftkitefy void, or containing matter of an uniform 
deoficj, anc) of the fame kindt it always is found 
to proceed in ^mght lines. Whence it follows, 
that' the rarity of Ughti increafes as the fquare of 
tibe diflance from the radiant body. For the light 
inrhich h]k on the fijuare abcd, (fig«70 from 
die point R^ at the diftance r a> will be fpread over ^ 
afur&ccj abcdj four times ^ large at twice the 
dtftance> or r a. 



X HAP. II. 

^ OPl^ICAL DEFINITIONS AND PRINCIPLES. ^ 

When a ray of light p^cs out of one nncdium s 
kito another> and h bent out of its courfe at their 
tomfnoa furf^ce, diis bending is called refradion.- 
. When a ray of light proceeds to the common t 
£irfac^ of two mediunis> and inftekd of paffing 
firom the one into the other^ is tttrned back into 
thie iirft> thi$ turning back is called refle&ion. . 
. Tiie angle of mcrdence is the acute angle which u 
the line deicribcd by the rsiy of light makes with 
a line drawn prrpcndicular to 'the furface at the 
point of incidence. . 

The ai>glc of r^Se&ion or rcfraftion is the acute v 
angle, which the line dcfcribcd by i\u: riy of Jight 

S J after 
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after' rcflcftion or refrai6lion makes with the per^ 
pendicular to the furface at the point of incidence* 

w Thus, if R s rcprcfcnt the common farface of 
two mediums, ac (fig, 7-2) a ray of light inci- 
dent at c, and PQ^a line incerie6ting the fur&ce 
at right angles at ck then the angle acp i^the 
angle of incidence. If it he refleded at c, fo as 
to return in the line cb, then the angle pcb is 
the angle of refieftion : and if it be refra£ted at c; 

. fo as to proceed in the line c f, the angle qj3 f is 
the ^nglc of rcfraftioq, : 

X The angles of incidence, refleftion, and lefraG- 
don lie in one and the fame plane. 

T The angle of refledtion is equal to the angle of 
incidence. 

z If the refrafted ray be returned direftly back 
to the ppint of incidence, it fhall be refra<9:ed into 
the line which was before defcribed bv the incident 

. ray.. 

A The refraftive powers of different mediums arc 
nearly as their denfitiesij that is to fay, if a ray of 

: light pafs out of a rarer into a denfcr medium, it 
will in general be refradled towards the perpendi- 
cular, fo that the angle of refraftion will be lefi 
than the angle of incidence. And the contrary^ 
will happen if the ray pafs out of a denfer into a 
rarer medium (262, z). 

B The fine of the angle of incidence is cither ac» 
curately or very nearly in a ' given ratio to tte; 
fine of the angle of refra&ion, in all obliquities of 
the incident ray« 

All 
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, AH <)bje£ls fccn by refleftion or rcfra6Hon ap- c 
pear in that place or dircftion, from whence or in 
which the rays were laft refleftcd or refra6lcd to 
the eye. 

iThus, if the ray ac (fig. 72) proceed fromanr/D 
objeft at A to c, and be thence refleflted to the 
eye of the fpeAator at b, the objeft will be fcen not* 
at A but at T,^ in the direftion of the rcflc£kcd 
ray b c. , And if the ray f c prrocecd from art ob- 
jed: at F, and be.refraAcd into the dire&ion ca 
to the eye of a fpccTcator at a, the objeft will be 
feen not at f but at n, in the direftion of the re- 
frafted ray a c. 

On this account it is that objeftsv are feen in i 
mirrors^ or looking-glaflts, and that objcdts feen 
qnder water appear out of their true places. Let 
a B a D (fig. 73) reprcfcnt a veflcl containing wa- 
ter,i whqfe furface is f g, and let o reprcfcnt an 
objcft at the bottom. . Then, to an eye at £ the 
object o will be feen at k, by means of the ray o l, 
which paffing from a dcnfer to a rarer medium 
(a62, a) is refrafted from the perpendicular p<^ 
into the diredtton l e, . Or let a b ct> (fig- 74) 
reprefent a vcffcl fo placed with ^ refpeft to the 
candle £, that the (hadow of the fide ac may fall 
at D. Suppofe it now filled with water, and the 
Ihadow will withdraw to d, the ray of light ba, 
iriftead of proceeding to d, being refrafted to d. 
And there is no doubt but tha,t an eye placed a^ 
d would fee the candle at e in the direftion of the 
refraftcd ray d.A. 

S 4 The 
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d&l- VARI0U3 mEFRAItGIBIUTY 

The fbr^otng principles are foctodcd on opeti* 
menc or obfervationj and the mathematical appli* 
cation of them to the rays of light which pafi 
through gla0cS| or are refieAed from mirrors of 
various figurest conftttutes that branch of the Ici- 
ence of optics which teaches the conftnidUon of 
inftruments. But it will be proper to avoid the 
explanation of thefe for the prefent, till an ac«r 
count has been given of the various reflcYtbiliiya 
rcfiw^bilityj aod colours of light. 



C HA P, m. 

or THE TARIOUS REFRANOIBILITV OF TAB RAYS 

OF LICHT. 

c Lights which differ in colour differ alfb in r^ 
frangibifityj and the contrary, 

H Let A B (fig. 75) reprefent a wedge or trian* 
gular prifm of glafsj then the triangle a b c (fig. j6) 
may be conceived to be a iedlion of the fame, at 
right angles^ to its axis. Suppofe j n to be a n^ 
of fight incident at Nj and thence refracted to i^ 
pn the furface cb, where it is again refrafted into 
the direftion eMj fuppofe in to be another ray 
parallel to the former^ and confequendy incident 
a^ n, with the fame angle. Now^ if the ray i n 
Have cxaAIy the fame capal^tity or difpofition to 
be rcfraftcd by the prifm, as the ray jn, the 
^pgles of refradtioa will alfo be ecjual^ and i n 

willt 



OF THB RAYS OF viem* li^^ 

I^IU when rei&aAed intO' die directions nie-aodb 
e 1% ftlH ccmtimie. paraJlol to the my jif, -wkicib 
isi^efra^ed mto NEsmdEM. BiK i£itbe mow 
refrm^lt it wiU be refracted ioto dire£btoD9> n 
af and fg» v^igHig more cowards the|»fe ac^. cav 
if lefs refiraogpbifv ^ ^Ul be icfra(5b9d into direc^ 
ttODs^ as n h and' h k, tbat vergi3 h& towards the 
faafe A c. W^fenee if: arppears, that if^ a pencil or 
^ colkidtion of f ays Ikl^ paralkl tor each: othor on omr 
of the ftde$ of! a prHm, and do im proceed ptt^ 
raM to each otheE on thdlr emejEg^nce, k nnift be 
becaufe fome ol^tbo ray^ are more refrangible thaA 

Qdi«rs, •. :,,..:. 

lUft the lj)act contained bcftWi^en £Q:jaiid ms 
(% 77) J'eprefent a d«rfcenedicbanibcr, of wMeb 
t^Qife UnrS: repirefefit rtia^ Gfks. l^ j » reprefentm 
pi«f il of lighr fpoKP the Simy. paifiipg d»Fougb. the 
bblr V9 and incidiinit on the fidci «9: of the prtfni 
AJiCi It is pllain>. tha^jlfihtt^ pfifdi^wiere not inn 
esfpofed, the. pencil j! 19 woddiTprocoed to s^ and 
there ittumina^ a ftnall circular fpot .otr the waH; 
and from the pi;ecediog expianaii<«ii k. Ts* ovidem^ 
that* if all the rays of Kgbt be eqiwaUy refraftcd hf 
tbir prifms the >^bole pentili bdug equally ttirntd 
Qiit of its. courfe, will fuffcr 00 akeratton with re- 
, ipedt to the paraUeli£(ii , of * its i;a3rab and confer 
quendy ^'tUi a&er refrft&ion> proceed to Q^» ^od 
there Ulummate a ipot.fiarilar to that which wooki 
have appeared at s. But if the pencil be con^ 
pofed of rays not alike rcfrarigiWc> the mofl: xe- 
^ngible rays ^ will be thrown &rthor bom h ^^ 

the 
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266 SPSCTRUM OF COLOURS. 

the leaft refrangible, being lefs deBe£tec1 out of 
their courfe, muft fall on a part of the wall nearer' 
to s, while thoie which are refrangible in the in-'^Cij 
iermediate degrees will fall at interpofed diftances 

a between thepi. The a6luai e^cperiment deter- 
mines, that the Sun's light is compoied of rays, 

> whole refrangibilities are not* all the fame ; for 
^r emerging from the prifm, inftead of iUumi* 
natingaxircular (pace, they are fpread into a long 
%eiflrum, bounded by the right-lined fides and cir- 
cular ends, and who& length is at right angles to 
tbe^dire^ion of the axis of the prifm. 

V This oblong fpeftrum is varioufly coloured. The 

J lower part, which confifts of the kaft refrangible 
fiys, is- of. a lively red, which, higher up, by in- 
iengble gradations, becomes an orange $ theorai^ 
in like manner is futceeded by ft yeUow; theyel^ 
low by a green -,< tbe^^reen by a blue $ after wbkh 
ibllows*^a deep blue; or Indigo; and laftly, a £tint 
ibku Widi a priftn, whofeTefra<£|iog angle wasr 
^3x degrees, fo placed, that the angle of inci- 
dence on tbe firft furface was equal to the angle 
of refradion at the emergence or fecond furface, 
like ipeAfum, received oa a wall at the diftance 
of 1 84- feet, was lo inches, or 104- in length. 
Its breadth is in all K^aies equal to that of the cir- 
cle, which would have been formed at that dif- 
ftance 1^ the admitted beam or pencil of light, if 
the prifm had not been interpofed. 

If The fpaces occupied by the feveral colours of 
the ipcdrum anfwer to the fubdivifion^ of a mu-» 

fical 
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MUSIC At DIVISION OF THE SPECTRUM. ^f 

fical chord': thus, if aoMf (fig. 79) reprcfcnt 
the fpeftrutn, and the lines fm, ba, dg, zy, &c. 
mark the confines of thecolours; the fpace Mabr 
being occupied by the red, a d g b by the orange, 
gyzd by the yellow, and fo forth, in the order 
above-mentioned, and . a m be prolonged to x, fa 
that M X may be equal to g m, the lines (rx, 1 x, 
ix,. ex, yx, gx, ax, mx, will be . in proportibn 
to each other, as the numbers i> -5^ t> t> ti 7» - 
T^, 4., and th^lrefore cxprefs the chords of the key, 
tone, lefs third, fourth, fifth, greater fixth, greater 
fcventh, and oftave. Or, to^rcnder it.more finmi- 
liar to thofe whofe knowledge of mufic is merely* 
praftical, let a b reprefent the ftring of a violin or 
guittar, and a fret or fmall bridge be fixed on the 
finger-board at the middle diftance ai, between a 
and M'y and likewife frets at g, f, e, d, c, b, fo ' 
that the diftances ag, gf^ fe, ed, dp, cb, and 
bA, may be in proportion to the fpaces occupied 
refpeftivcly by the red, orange, yellow, green, 
blue* iadigo, and vi()let> in the fpedtrumj theo 
if die open ftring found a, the regular afcent of 
the ftopt notes' will be in the minor third from 
that ktyj the notes being a, b, c, d, e, f fharp, 
o fharp, and a odtave. * . 

Thofe rays which have the fame degree of re- n 
firangibility will, after refraftion, fall within a cir- 
cle equal to that which would have been illumi- 
nated by the light if fufFered to proceed to s 
(264, h):' and therefore the fpeftrum may be 
conceived to be compofcd of ap indefinitely great- 
number 



1(41 BOHQGIIIBOm eouivK« 

WMDber of fitchr equal circks» wboiib centers are afl 
oot the 6me liqeu. For exampki if abd c (fig. 7&) 
isrpnefent the ^^c&ini, the circle ab being ibroKd 
by» the red» or kafi: reftaogiblo l^ajrs^ aod the circle 
irc by the violcty or ma&jxfirxogHe rays^ thcathcr 
t9K% whofcr lefinngibiiitj b inttcmcdbDe^ wiU ftaok 
ZM immfnemble ferics. oi circlesy and 611 up the 
mhdk fpace^ fo diat a c and $ Dj w,ffl appear 9s rigjkt 

o Hec;?*^ Noi^> it is oh&r^able« that thxHJgh the figte 
in the fpe&nifD tkoa feparated into i^ oiigm!^ r^^ 
h imKrh le& compoundjed th^^a hefbre^ yet i£ is ffitt 
>c0i9fKHmded in no fiodU (kgrec bf die imecfeicnce 
^ the circka with eiich other* particuburly at the 
Kne. ILF, eqiiidiftant hetwoen ac aod bd^ and that 
at the lines a o and % d, where the cirdes ^o nor 
interfere £it am> th^, fight i& perfedl]! hami^neou& 

T or uncojfnptytinded. But becaufe the cohnj-s ki the 
ipe&ru(9 contiguous on either fide .of any. giTCft 
cotcM^ do by mii^tare compound a colour diac dif« 
ier9 infenfibjy from At original internHdiace c&- 
]|pur it&lfji 4 right line drawn perpendicularly acro& 
1^ fpc^rum will be found in dbe faine ccitour 

<L throughout For moft experiments in wbkh un- 
compounded light is requlredj (hat of the ipe^rum 
will be found fufficiendy ib ; but in caies where a 
greater mcety is demandedi the common dtametcr 
of the circles, or breadch (^ the fpcftnim, may he 
diminiOied by making the hok at ? ioialkr^ or the 
%ure of the hole may be altered. 

^ It is evident from what has been already fakli that 
this phenomcQon arifcs from the nacure of li^t itiel^ 

fome 
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ftnie cf tift r^fsof whkW^^e iiRbrenBtiBaogible chMi 
i9(hdF8« And us an acl^itionai cwfirma^ioA k u s 
nMcfved^ that if the fpedrruta .be fcceivtd <ib t 
boAfd wbiah is perfor&ted> ib.as to ilec -^ftiMetciQr - 
of l|ghti or tokfuo that ray wiU ftot be Changed 
l>y any vrefiiftdi:k>» it ma^ be aliierw^rdl I9a3e e^ 
fufier^ hHMt ODntinues the iafne both in<oolour -tod 
refrangibility. s^nd if the coburft of ttib <jl^Q£tnial t 
be^ by any refkiStion or refra(£lioA made to ^ai&at 
^ain» they wiU ag^in Ibrm the cempoulided cdtour 
ofwhi^nQ&. 

The quantity of the difpcrfion of the rays of ir 
light, which at equal diftances from the prifm is 
. nearly expreflcd by the fengeh of the fpedrum^ 
does not follow the quantity of the refraftion of the 
mean ray^ except in mediums of the fame kind. 
Thusi if two prifms- of diflFerent kinds of glafs re-^ r 
ffa^nthe foter ray eiqually xHit of its ikft dired^n, 
the fpe&rum of cdlours ^rmed ^ the om ^wiU be 
tnoch longer than that formed by the others add 
it isfoiNid^ that in equal angles of mean refradioDj w 
glafs, in' the compoGdon^of which muchl^id enters^ 
. ^Mptrfts the light iiKo its coo^ponent cokuirs ntnck 
-more than glafs which abounds wkh alkalke ialis *• 

If ipiy mieans of two prifms, a ff^aU piece of pa* x 
ptr be iUun^inated, the ohe half with -red^ aad the 
other hklf with viblet light, and an obferver vie^r 
tht factie through another prifm, the paper will, by 
the difibrent refrangibility of the rays, appear ^di- 

* Afta (or perhaps Mifcellanea) 'BcroVincn&i, for 1766*; 
^[iiote'd by Piriellley in hU Optics, p. 474. ' ^ 

, vidcd 
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vided into two. For the violet half being feen hy 
a nfipre refrangible light, will appear to be carried 
farther from its true place thati the red, and will 
V therefore feem to be feparated from it; The lame is 
likewife true of colour which arife from the firpa-^ 
ration of light which is made by bodies on which 
itfitUs, and which we are apt to call natural co- 
lours; for if a paper be painted, the one half with 
a lively red, and the other half with an Indigo, and 
it be placed in the Sun's light, it will in the lam^ 
manner appear divided^ if viewed through a prifin* 



C H A P- IV. 

of The various reflexiqility of the rays 

OF LIGHT* 

z The Stints light cotififts of rays which difier in 
reflexibiiity, and thofe rays which are more rcfran* 

A gible are alfo more reflexible than others. Let 
ABC (fig. 80) reprefent a prifm, whofe angle b is a 
right angle, and the two angles a and c equal to 
each other. Suppofe j n to be a beam of light 
which paiSes through the furface b c, and is incident 
on A c at N ; it will then emerge in the diredion 
NO, fo that the fine of the angle of refra6Hon 
o K w may be in a certain ratio, (262, b) ^ to the 
fine of the angle of incidence b n 2, which in g]a& 
is as 3 to 2, nearly* Now, when the angle of in- 
cidence at N is fuch, that the fine of the angle of 

• rcfraftion is equal to the radius, the angle of re- 

^ fradion 
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•Ira&idn becomirig a right an^e, the ray carniot 
emerge, but will be totally refie£ted or turned back . 
imo the giafs. This happejns in g)afs when the 
dngle of incidence is about i^i degrees* 

That the component rays of light are not at i 
all equally difpofed to be reflefled* is proved by 
turning the prifm flowly on its axisj rill the li^t 
begins to be reSedled;. for it then appears, that the 
more rcfiiingible rays are reflcded fooner, -or at left 
angles of incidence, than thofe which are lefs refran- 
gible. Let N M" reprefent the reSefled beam, and c 
fuppofe the prifm v x v placed fo as to receive and 
Separate it into itscomppncnt colours by rcfr^ftion: 
then the light which iiril begins to be refle£ted» 
confining almdft intirely of violet rays, will by the 
fecond prifm be refracted fo as to fall at p, and 
paint a violet colour. As the Brfl prifm continues 
to be turned on its axis, the light is more and more 
copioufly reflefted, and the colours between p and 
t appear in fucceflion according to their order in 
refrangibility i violet, indigo, blue, green, yellow,, 
orange, and laftly red, at which time the refle&ioa 
becomcis total : the coloors formed by refra£lion at 
H G difappearing as thofe at p.t appear. 

White light being proved to confift of ray/5 i> 
which differ in r^frangibility, reflexibility, and 
the power of exciting the idea of colour; it is 
clear that nothing more- is neceffary to account 
for the colours of bodies than to fuppofe each body 
endued with a power or aptitude to re fled the rays 
of one particular colour, and to iiipbibe the reft. 

But 
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Sue die tm^ of this does not reft on mere fiippa-* 

t fition. Sodics expofisd to the imcooDpoAtodcd tigfic 
lof the fpedruaij are ever feuod to be of the cokmr 
of the light in which they are plaoed, whh tfah onfy 
difference, diat they appear uuich more fivefy in 
that colour, which k the fame with that which thejr 

F exhibit in die day light. And fnom hence it sp^ 
pear€, that the colours of bodies cannot be fo 
homogeneous and full as tbofe of the fpeifbiim^ 
for (ince they reflcft all colours in fooie degree as 
well as the principal or predonunant one, that 
principal colour mud be much diluted and weak- 

G ened.by the mixture. It may Ukewife from hence 
be inferred, that as the uncompounded colours are 
not changeable by refradion, fo neither are they 
changeable by reflc6lion. 

H • Language being invented chiefly for the eifpref- 
(ion of ordinary events that do not require any 
grca^ prccifibn, it very frequently happens, that 
the fame word is ufed to denote very diluent 
things. It is proper to be remarked, thatlhe word 
colour is thus ufed. If the word be ufcd to denote 
the fenfation or idea excited in the mind, it is fuf- 
ficiently obvious, that it cannot be fcientifically 

^ ufed to denote that attribute by which bodies are 
aWe, by f eflcding the rays of light, to produce the 
fenfation. And ftill kfs ought it to be ufed to 
imply that quality the various kinds of light poflels, 
of producing < the fenfation, . when fcparaced from 
each othcr> cither by rcfleftion from bodies or 
other wife. It may, however, be allowed to ufc 

the 
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the t^rms coloured rays, or coloured bodies^ though 
the fcnfation of colour, die fpecific properties of the 
rays, and of the rcflc£Hng bodies, arc undoubtedly 
tbings very different from each other. So different, 
indeed, that diis remark might with juftice he fup- 
poied unneccffary, if experience had not Ihewn, that 
among the pretenders to -philofophical knowledgp 
fome havjc been found capable of miftaking in this 
very particular*. 

C H A p. V. 

CONCERNIIfG THE RATKBOW. 

) 

The inftance of the feparation of the primary i 
colours of light, which feems moft remarkable, is 
that of the rainbow. It is formed in general by the r 
refleftion of the rays of the Sun's light fcotn the 
drops of falling rain, though irequently it appears 
among the waves of the fea, whofc heads or tops 
are blown by the wind into fmall drops, and is fbme* 
times feen on the ground when the Sun (faines on a 
very thick dew. Cafcades and fountains, whofc 
waters aire in their fall divided into drpps, exhibit 
rainbows to a fpeftator, if property fituated during 
the time of the Sun's (hining j and water blown vio- 
lendy out of the mouth of an obferver, whofe back 
is turned towards^ the Sun, never fails to produce 
the fame phenomenon. This appearance is alfo h 

' . • ' ■* 

* The pppofers of NcU^ton's difcovecies o^j light and coloars 
have faliely aiHrmed, that he taught that the rays of light were 
coloured. . ' 

Vol. I. T fcen 
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jfeen by mobnligfati though feldom vivid enou^ tb 
render the colours diftinguifliable ; and, the ardficial 
rainbow may be produced evenly candle-light on 
the water which is ejefted by a fmall: fountain or 
jet d'eau. All thefe are of the fame nature^ and 
dependant on the fame caufes^ an idea of which 
may be formed i>y the following confiderations. 

M Let the circle wq^gb (fig. 8i) rcprcfent a 
globe or drop of water upon which a beam of 
parallel light falls^ of which let t b reprefent a ray 
falling perpendicularly at Bj and which by conie* 
qucnce (262, y,b) either paflcs through without 
refraftion, or is rcflefted diredlly back from q^ 

. Suppofe another ray i k> incident at k> : at- a dif- 
tance from b, and it will be refrafbed according to 

. a certain ratio (262^ b ) of the fines of incidence 
and refradion to each other* which in rain water 
is as 529 to 2>^(i^ ^o ^ point l, whence it will 
be in part tranfmitted in the dire(Elion l z^ and 
in part refieded to m, where it will again in 
part be refieiSted^ and in part tranfoutted m the 
direfbion m p> being inclined to the line de- 
fcribed by the incident ray iq the angle i p. An- 

"^ Other ray an, ftill farther from b, and confe- 
quently incident under a greater angle^ Will be 
refrafted to a point f, yet farther from q^ whence 
it will be in part reflefted to o, from which place 
it will in part emerge^ forming an angle a x r with 
the incident a n^ greater than that which was 
formed between the ray m p and its incident ray* 

And 
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An^ th\3S, while ^he angle of incidence or diftance 
of the point of incidence from b incrcafes, the 
diftance between the point of xefleAion artd q^; and 
the angle formed between the incident and emer- 
gent refle£fced rays will alfo increafe; that is to fay, 
as far as it depends on the diftance from 6 : but 
as the refra&ion of the ray tends to carry the point 
-pf refledion towards q^> and to diminiQi the angle 
formed between the incident -and emergent refleftcd 
ray> and that the more the greater the diftance of the 
point of incidence from b, there will be a certain 
jppint of incidence between B and w, with which 
:the greateft poflible diftance between the pcMnt of 
Tefle6tion and q^, and the greateft poftible angle 
between the incident and emergent rcfleftcd ray will 
,correlpond. So that a ray incident nearer to b (hall, at 
its emergence after refleftion, form a lej[s angle with 
the incident, by realon of its more direft refleftion 
from a point nearer to q^; and a ray incident nearer to 
w, (hall at its emergence form a lefs angle with the 
incident, by reafon of the greater quantity of the 
linglcs of rcfraftion at its incidence and emergence. 
The rays which fall for a confiderable Ipace in the vU 
cinity of that point of incidence with which the great- 
eft angle of emergence correlponds, will, after emerg- 
ing, form an angle with the incident rays differing 
infenfibly from that greateft angle, and confequently 
will proceed nearly parallel to each other j and thofe 
rays which fall at a diftance from tliat point will 
emerge at various angles, and confequently will 
diverge. Now, to a fpeftator, whofe back is turned 

T 2 ' towards 
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towards the radiant body, aod whofe "cye is at A 
conQderable diftance from the gldb^ or drop, the 
divergent light wiH be fcarccljr, if at all> percep- 
tible; but if the globe be fo fituated, that thofe 
rays which emerge parallei to each other^ or at the 
greateft poflibk angle with the incident^ inay airive 
at the eye of the fpcdtator, he wJtt, by means of 
thofc rays, behold it nearly iil^ith the fame fplendor 
at any diftance. 

Ih like manner, thofe rays which faH parallei on 
a globe,_and arc emitted after two refledtions, fup- 
pofe at the points f and c, will emerge, at h, 
parallel to each other, y^hen the tingle they make 
tmh the incident, a n, is the lead poflible ; and 
the globe njuft be fccn very rcfplendent, when its 
pofition is fuch, that thofe parallel rays fall on the 
eye of the fpeftator. 

The quantities of thefc angles are determined by 
calculation, the proportion of the fines of incidence 
and refradion to each other being known. And 
this proportion being different (164, c) in rays 
which produce different colours, the angles muft 
vary in each. Thus it is 'found, that the greateft 
angle in rain-water for the leaft refrangible, or red 
rays, emitted parallel after one refleftion is 42^ 
a% and for the moft refrangible or violet rays emit- 
ted parallel after one refle<^ion 40'' 17'; likewife, 
after two reflexions the lead refrangible or red rays 
^ill be emitted nearly parallel Under an angle 6( 
so" 57^ and the moft refrangible or violet under 
an angle of 54"" 7 ' ; and the intermediate colours 

will 
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^111 be emitted nearly parallel at intermediate 
apglcs^ ' 

Suppofe now, that *o (fig. 8 a) is the fpeftator'$ p 
eye, an^ op a line drawn parallel to the Suin's^ 
rays, and let poe, pof, poo, poh, be angles 
of 40° 17', 4a'' a', 50* 57^, and 54*^ f rcfpec- 
tively, and thefe angles turned about their com- 
roon fide o p, will, with their other fides o e, of, 
o G, o H defcribe the verges of two rainbows as in 
the figure. For, if e, f, g, h be drops placed any 
where in the conical fuperficies defcribcd by ob, 
OF, oc> OH, and be illuminated by the Sun's 
rays se, sf, sg, sh; the angle seo being equal 
to the angle poe, or 40° 17', will be the grcateft 
angle in which the moft refrangible rays can, after 
one refledion, be rcfradted to the eye, and tberc-^ 
fore all the drops in the line o b muft fend the mod 
refrangible rays mod copioufly to the eye, and 
thereby ftrike the fenfe with the deepefl: violet 
colpur in that region. And in like manner the 
angle s f o being equal to the angle p o f, or 42° a", 
will be the greateft in which the leafl: refrangible 
rays after one rcfleftion can emerge 6utof the drops, 
and therefore thofe rays mufl: come moft copioufly to 
the eye frqm the drops in the line o r, and ftrike 
the fenfe with the deepcft red colour in that region# 
And, by the fame argument, the rays which have ' 
the intermediate degrees of refrangibility will comcL 
moft copioufly from drops betj^reen e and f, and 
ftrike the fenfes with the intermediate colours, in the 
order which their degrees of refrangibility require j 

T 3 that 
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that is, in the progrcis from e to f, or from the 
infide of the bov^ to the outfide, in this order, 
violet, indigo, blue, green, yellow, orange, red. 
But the violet, by mixture of the white light of 
the clouds, will appear faint, and inclined to purple. 

0^ Again, the angle s o o being equal to the angle 
POG, or 50"* 57^ will be the leaft angle in which 
the leaft refrangible rays can, after two rcfleftions, 
emerge out of the drops, and therefore the leaft 
refrangible rays muft come moft copioufly to the 
eye from the drops in the line o g, and ftrike the 
fenfe with the deepeft red in that region. And the 
angle sho being equal to the angle POH,or 54° 
7', will be the leaft angle in which the moft re- 
frangible rays, after two reflexions, can emerge 
out of the drops, and therefore thofe rays muft 
come moft copioufly to the eye from the drops in 

. ,the line o h, and ftrike the fenfe with the deepeft 
violet in that region. And, by the fame argu- 
ment, the drops in the regions between o and h 
will ftrike the fenfe with the intermediate colours 
in the order which their degrees of refrangibility 
require} that is, in the progrefs from g to h, or 
from the infide of .the bow to the outfide in this 
order, red, orange, yellow, green, blue, indigo, 
^nd violet. And fince the four lines oe, of, og, 
o H, may be fituated any where in the above-men- 
tioned conical fuperficies, what is faid of the drops 
and colours in thefe lines is to be underftood of the 
drops and colours every where in thofe fuperficies. 

1^ ' Thus there will be made two bows of colours. 
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an interior arid ftronger, by one reflection in the 
drops, and an exterior and fainter by two ; for the 
light becomes fainter by every refleftion j and their 
colours will lie in a contrary order to each dther^ 
the red of both bows bordering upon the fpacc of, 
which is between the bows. The breadth of the 
interior bowj iof, meafured cr6(s the colours, 
will be 1° 45'', and the breadth of the exterior, 
ooH, will be 3*" lo', and the diftancc between 
them ^G or, will be 8° 55', the greateft femidi- 
ameter of the innermoft, that is, the angle p o f, 
being 42° 2', and the Icaft femidiameter of the 
outermpft poo being 50° 57^ Thefe are the mea- 
fures of the bows, as they would be, were the Sun 
but a point; ^ for, by the breadth of its body, the 
breadth of the bows will be increafed, and their 
diftance difniniftied by half a degree, and ^ thq 
breadth of the interior iris will be a** i s\ that of 
the exterior 3° 40^ their diftance 8° 2^'} the great* 
eft femidiameter of the. interior bow. 42° ij\ and 
the leaft of the exterior 50° 42^ And fuch arc 
the dimenfions of the bows in the heavens found 
to he very nearly, when their colours appear ftrong 
and perfect. 

The light which comes through drops of rain by 
two refraftions without any refleftion ought to appear 
ftrongeft at the diftance of about 2 6 degrees, from 
the Sun, and to decay gradually both ways as the 
diftancc from the Sun increafcs and decreafes^ 
And the fame is to be underftood of light trans- 
mitted, through fpherical hail ftoncs. ; And if the 

X 4 -hail 
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hail be a little flatted, as it often is, die ligjbt 
tranfmitted may grow fo ftrong at a little kis (fif- 
tance than that of 7,6 deg![ees, as to form a halo 
aboot the Sun and Moon, which halo, as ofiea 
as the (tones are duly figured, may be coloured, 
and then it muft be red within, by the leaft re&ao- 
gitde rays, and blue without, by the moft refran- 
gible onfes. 

The light , which pafles through a drop of rain 
after two refraftions, and three or more reflec- 
tions, is fcarcely ftrong enough to caufe a fenfihlc 
bow. • 



CHAP. VI. 

or TH£ SEPARATION OF THB ORIGINAL RAYS OF 
, LIGHT BY REFLECTION OR TRANSMISSION, 

THAT DEPENDS ON THE THICKNESS OF THB 
MEDIUM UPON WHi^H TH£Y ARE INCIDENT. 

V The original or component rays of light are fe^ 
parable from each other, not only by refraAion, or 
by varying the angle of incidence on a rcflefting 
furface, but are likewife at like incidences more or 
lefe rcflcxible, according to the thicknefs or diftancc 
between the two furfaccs of the medium on which 

V they fall. They arc alfo liable to be turned out of 
their direA courfe by approaching within a ceruin 
diftance from a body, by which means a feparauon 

enfues^ the rays being more or lels dede&ed as they 

differ 



ACTION OF THIN PtATEST UPOW LIGHT. 28l , 

difitr in colour. Of thcfe drcmnftances it wUl be 
proper to give fome account. 

If a glafs or lens, whofe furface is convexi or a w 
portion of a fphere> be laid upon another plain 
glafs, it is evident that it M^ill reft or touch at ohe 
particular point only; and therefore, that at aS 
other places between the ^jaccnt furfaces . will be 
interpofed a thin plate of air, the thicknels of 
which will increafe in a certain ratio, according to 
the diftance from the point of conta£t ; that is to 
lay, in arcs wliofe verfed fines are very fmall, as 
the diameter of the fpherc is to the fine of tlje ar<i 
lb is that fine to the verfed fine or thicknefs- of the 
air at the diftance meafured by the fine. 

Light incident upon fuch a plate of air is dif- x 
pofed to be tranfmicted or reflefted according to 
its thicknefs : thus, at the center of contaft, the 
light is tranfmitted, and a black circular fpot ap- 
pears; this fpot is environed by a circle, the co- 
lours of which, reckoping from the internal part, 
arc blue, white, yellow, red 5 then follows another 
circular feries, viz. violet, blue, green yellow, 
j-ed; then purple, blue, green, yellow, red; green, • 
red; greenifh blue, red; grecnilh blue, pale red; 
grecnilh blue, reddifh white, 

Thcfe are the colours which appear by reflec- y 
tion : by the tranfmitted light the following feries ' 
' arc fecn. At the centre white, then yellowilh red, 
* black; violet, blue, white, yellow, red; violet, 
blue, green, yellow, red, &c. fo that the tranf- 
mitted light at any thicknefs, inftcad of white, 

appears 
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:q^)cars of the compounded cobur which it onglit 
to have after the fubtraAion of fome of the consti- 
tuent colours by reflection; after which feries the 
colours become too faint and dilute to be difcerned* 

I 

z It is obfervable, that the glafles will not come into 
cpnta£b without a confiderable degree of prefiure. 

A By adnaeafurement it appears^ that the rays of 
any particular colour are difpoied to be reflcftcd 
when the^ thicknclTes of the plate of air are as 
the numbers i, 3, 5, 9, 11, &c. and that the 
feme rays are difpofcd to be tranfmitted at the in- 
termediate thicknefies which are as the numbers 
Oi 2, 4, 6, 8, lo. Sec. 

M The places of reflcftion or tranfmifllion of the . 
feveral colours m a feries are fo near each other, 
that the colours dilute each other by mixture> 
whence the number of feries in the open day-light 
feldom exceeds fcven or eight: but if the fyftcm 
be viewed through a prifm, by which means the 
rings of various colours are feparated according to 
their refrangibilitics, they may bt fecn on that fide 
towards which the refraction is made, fo numerous* 

c that it is impoflible tb count them. Or, if in a 
dark chamber the Sun*s light be feparated into its 
original rays by a prifm, and a ray of one uncom- 
pounde^ colour be rcceiyed upon the two glaffes 
heretofore defcribed, the number of circles will be- 
come very numerous, and both the refleftefd and 
tranfmitted light will remain of the fame colour as 
the original incident ray. In this experiment it 
»lfo is fcen, that in any feries, the circles formed 

by 
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by the Icfs refrangible rays exceed in magnitude 
thofe which arc formed by the more refrangible 
rays, and confequently that in any Icrics the more o, 
refrangible rays are reflcded at lefs thickneffe^ ' 
than thofe which arc lefs refrangible. 

irthe light be incident obliquely, the rings of s 
colours dilate and enlarge themfclvesj whence it • 
follows, that the thicknefs required to refled the 
colours of any Icrics is different in different obli- 
quities. 

Water^ applied to the edges of the glaffcs, is f 
a«tra6ted between them, and filling all the inter- 
cedent fpace, becomes a thin plate of the fame di- 
menfions as that which before was conflituted of 
air. In this cafe the rings become much fainter, 
but vary not in their fpecies, and are contrafted 
in diameter nearly in the proportion of 7 to. ? : 
confequently the intervals of the glaffcs at like cir- 
cks caufed by thcfe two mediums, water and air, 
are as about 3 to 4; that is, nearly as the fines 
which meafure the angles of incidence and refrac- 
tion, made at a common furface between them. 
And hence it may be fufpefted, thajj; if any other o 
medium, more or lefs denfe than water,*be com* 
preffed between the two glaffes, their intervals at 
the rings caufed thereby will be to the intervals at 
which fimilar rings are caufed by the interjacent 
air, as the fine which meafures the refraftion made 
out of air, into that med'ium is to the fine of the 
incidence on the common furface. 

Thefe are fome of the phenomena of light inci- h 

dent 
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dent on medhims which are myironed by mediumf 
of greater denficy, as air or walscr compreflcd ot {] 

. included between plates of glafs* The &n(ie a{v« 
pearances follow^ though' with fome littk varia- 
tiod> when the colorific medium is denfer than ika^ 
in which it is inclofed^ 

I It is well known that bubbles blown in foap* 
water exhibit a great variety of colours; but as 
thefe colours are commonly too much agitated by 
the external air to admit of any certain obferva- 
tion» it is necei&ry that the bubble be cohered 
with a clear glafss in which fituatipn the following 
appearances enfue: the colours emerge from the 
"Vertex or top of the bubble^ and as it grows 
thinner by the fubfidence of the water^ they dilate 
into circles or rings parallel to the horizon^ which 
' flowly defcend and vanifli fucccffively at . the bot- 
tom. This emergence continues till the water at 
the vertex becomes too thin to reflc<5l the light, at 
which time a circular fpot of an intenfe blacicneis 
appears at the top^ which flowly dilates /bmetimes 
to three quarters of an inch in breadth before the 
bubble breaks. Reckoning from the black central 
jpot, the rcflefted colours are the fame in fucceC- 
£on and quality as thofe produced by the afore- 
mentioned plate of air, and the appearance of the 
bubble, if viewed by tranfmitted light, is alfo 
fimilar to that of the plate of air in like circum-^ 
ftances. 
Jt If the colours be viewed with different obliqui- 
ties. 
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tifcsi their-plncc is chataged, but aot near fo mu<iJi 
as in the plat^ of air. 

ITic end of a fmall gkfe tube or pipe being melt- t. 
ed, by turning the jiaoie of a candle or lamp upon 
it, by means of a blow^-pipc, may be blown into a 
bubbte of an extreme ihickneis. Such a bubble 
will exhibit xrolotin of the fame kind as the fore- 
going, but much more briflc and lively. From ml 
^hich, and the premifed dbiervations, it is con- 
eluded that a denfer medium indofed by one that 
is tattt exhibits mbre lively colours than thole 
which are produced by a r^er medium included 
in one that is more denie. It is alfo obfervable, h 
that thp colours produced by rcfleftion from,' or 
tranfmiflion through, denfe fubftances, are Jels 
fubjed to vary by change of the obliquity of the 
Incident light than they are in fubftances that arc 
more rare. 

By wetting very thin pktes of Mofcovy glafs, o 
whofe thinnefs occafion the like colours to appear* 
the colours become more^ faint and languid, efpe- 
cially if wetted on the Surface bppofite to the cycj 
but no variation of their Ipecies is produced : (b 
that the thicknefs'df any plate requifice to produce 
any colour, fcetns to depend only on the dcnfity 
of the plate, and not on that of the ambient me- 
dium: and hence, if ihefufpicion formerly urged 
be true (283,0), nlay be known the thickncfs 
which thin plates of any tranfparent fubftance have 
at the place where a given colour in an^ ferics is 

*produeel. For, 

7 As 
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As the fine of the angle of incidence at the com* 
men furface 

Is to the fine of the angle of refmdion out of 
the given medium into air^ 

So is the thicjuiefs of. a plate of air which ex- 

• hibits the given colour 

To the thickoefs of the given plate* 

As lenfes ground to a long radius are necellkiy 
to be ufed in thefe experigiefitSf and. fuch are not 
very common, it may be m acceptable piece of 
information for the learner to know^ that their 
place may be well Supplied. }}y two pieces of plate- 
glals, or even common glafs. . If thefe be previ- 
oufly wiped, and then rubbed together, they will 
ibon adhere with a cpnfiderable degree of force, 
and exhibit various ranges of colours, muchbroader 
than thofe obtained by lenfes* One of the moft 
remarkable circumftances attending this method of 
making the experiment is the facility with which 
the colours may be removed, or even made to 
difappear by heats too low to feparate the glafles. 
It feems moft probable, that the operation of heat 
confifts in augmenting the diftance between the 
furfaces. A touch of the finger immediately caufcs 
the irregular rings of colours to contract towards 
their center in the part touched. 
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CHAP. VII. 

p 

I 

0£N£KAL INFERENCES RESPECTING THE DISPOSE^ 
.;^ TION TO BE REFLECTED OR TRANSMITTED^ 
INTO WHICH THE RAYS OF.LIOHT ARE PUT, 
BY .THE ACTION THAT DEPENDS ON THS 
THICKNESS OF THE MEDIUM UPON WHICH 
THEY ARE INCIDENT. 

The experiments or obiervations in the laft q^ 
chapter being maturely weighed and confidercdj 
indicate the foUoVf^ing theorem or'general propor- 
tion i namely, • 

Every ray of light in its paflage through any ro- r 
.framing furface is put into a certain tranfient con- 
Jlitution or ftate> which in jhe progrefs of the ray 
returns at equal intervals, and diipofcs the ray, , at 
every return, to be cafily tranfmitted through die 
next refradling furface, and, between the rfturns, 
to be cafily refle(5ied by it. 

For, by thofe obfervations it appears, that one s 
and the fame ibrt of rays, at equal angles of inci- 
dence on any thin tranfparent plate, is alternately 
reflefted and tranfmitted for many fucceflions ; ac- 
cordingty as the thicknefs of the plate increafes. 
in arithmetical progreflion of the numbers o, i, 2, 
» 3> 4» 5» ^> 7> 8, &c. fo that ifthe,firftrefledtion, 
or that which makes the firft or innermoft rins; of 
colours, be made at the thicknefs i, the rays fhall 

be 
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be tranfintcced at the thicknefles o» 2j 4, 6, 8, id, 
12, &c. and thereby make the central fpot and 
rings of light which appear by tranfniifllon, and 
be refle£^ed at the thicknefles 1^3, 5, 7, 9, 1 1, &c. 
and thereby tnak^ the rings which appear by re- 
jBcdlion. And this alternate reflection and tranf- 
million continues for a great number of viciffitudes^ 
and by other obfervations, which for the fake of 
brevity are omitted, for many thoufands^ being 
propagated from one fur&ce of a glais-pdate to the 
other, though the thicknefs of the plate be a quar- 
ter of an inch or above : fo that this alternation 
leems to be propagated from every refracting fur- 
face to all diftances without end or limitation. 
And becaufe the ray is difpofed to refleCbion at the 
thicknefies i> 3> 5> 7, &c. and to tranfmiffion at 
the thicknefies o, 2, 4, 6> 8, &c. for its traof- 
miflHon through the firft furface is at the diftancc 

0, and it is tranfmitted through both together, if 
their diftance be infinitely litde, or much le/s than 

1, the difpolition to be tranfmitted at the diflances 

2, 4, 6, 8j &c. is to be accounted a return of the 
fame difpofition which the ray firft had at the dif> 
tance o, that is, at its tranfmiflion through the firfl 
refracting furface. 

This alternate reflection and tranfmiflion depends 
on both the furfaces of very thin plate, becaufe 
it depends on their diftance. For if either fur- 
face of a thin plate of Mulcovyglafs be wetted, 
the colours grow faint (285, o) : it muft t|ierefore 
depend upon both. 

It 
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Ic is therefore performed at the iecond furfac^ $ u 
for if it were performed at the firft, before the rays 
arrive at the fecond^ it would not depend on the 
fecond. > 

It is alfo influenced by fome adkion or difpofi- v 
tion, propagated from the firft to the fecond, be- 
caufe btherwifc at the fecond it would npt depend 
upon the firft. And this action or difpofttionj in 
its propagation^ intermits and returns by equal in- 
tervals^ becaufe in all its progrefs it inclines the 
ray at one diftance from the firft furface to be re- 
fle&ed by the fecond, ,at another to be tranfmitted 
by it, and diat, by equal intervals, for innumerable 
viciftitudes. 

The returns of the dlfpofition of any ray Co be w 
rcfle&ed are termed its fits of eafy refleftion, and 
t^ofe of its difpofition to . be tranfmitted its fits of 
caiy tranfmiflion} and the Ipace it paftes through 
between every return, and the next return, the in- 
terval of its fits. 

Thus, let c D F E (fig. 83) reprefept a tranfpa- x 
rent medium, fuppofe water, upon which the ray 
A B is incident at a point in the upper furface 
o, o. Draw the line i, i, and let the interval be- 
tween it and o, o, be every where equal to the dif- 
lance between the two furfaces of the plate of water, 
defcribed in the laft chapter (283, r), when the 
firft ring of colour is refie6led. Then if the in- 
ferior furface of the medium were at i, i, the ray 
would be refleded upon the fame principle as the 
ring of colour, and therefore at 1,1 it is in a fie 

VoL.L U of 
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of eafy reflcftion. Draw the parallel 2, 2 at the 
fame dtftance from 1,1^ and the diftance between 
o, o, and 2, % will be that tbtcknels at which in the 
before-mendoned- plate the firft ring of colour is 
tranfmitted : the ray would therefore be craniinitted 
if the inferior fur&ce were at 2> 2, and coi&- 
quently it is there in a fit of eafy tranfiniflion. At 
3^ 3 it is again in a fit of eafy refledbn, and by 
applying the fame argument to the equidiftaoc 
lines 4, 4; S' 5' ^» ^» 7> 7 5 8, 8 ; it will ap- 
pear that the ray will be alternately difpoCcd to 
tranfmiflion and reflexion ^ and if the kft parallel 
or the inferior furface be diftant from the fuperior 
furface o; o, by an even number of intervals^ the 
ray will arrive there in a fit of eafy tranfmiflion and 
emerge -, but if the number be odd» it will arrive 
in a fit of eafy refledbn, and return back into the 
medium. The diftance between the lines o^ o and 
2^ 2 ; 2^ 2 arid 4, 4, &c. are the intervals of 
the fits of eafy tranfmiflion, and the diftances be- 
tween i, i and 3, 3; ^yS ^d 5, 5, &c. are the 
intervals of the fits of eafy rcfleaion. 

"Vyhat kind- of adion or difpoficion this may bc>^ 
whether it confift in a circulating or a vibrating 
motion of the ray or of the medium, or foaie^ 
thing clfe, experiments are wanting to determine. 
But the fadls are not the lefs true on account of 
our ignorance of the mode of their origin. That 
truly great man, to whofe penetration and induftry 
we are indebted for almoft all the knowledge wc 
have of the phyfical properties of light, has, with 

great 
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great modcfly, propofcd an hypothefis for the fo- 
lution of thefe appearartces. It is not without its 
difficulties, and muft therefore be received with the 
fame caution as it was propofed, till experiment 
ihall either confirm ii, or fubftitute another theory 
in its place. 

Sir Ifaac Newton's Hypothefis. It may be fup- z 
pofed, that as ftones- by falling into water put the 
water into an undulating motion, and all bodies 
by percufTion excite vibrations in. the airy fo the 
rays of light, by impinging on any refrafting or 
refle6ling furface, excite vibrations in the refrafting 
or reflefting medium or fobftandc, and by ex- 
citing them, agitate the folid parts of the refradt- 
ing or i*ef!cf6i:ing body, and by agitating them, 
caufe.the body to grow warm or hot; that the 
vibrations thus excited are propagated in the fc- 
frafting or reflcdbing medium or fubftance much 
after the manner that vibrations are propagated iri 
the air for caufing found, and move fafler.thai^ 
the. rays, fo as to overtake them ; and- that .when 
any ray is in that part of the vibration which: con- 
Ipires ,with its motion, it eafily breaks through . ^ 
refr^ding furface, but when it is in the contrary 
part of the vibration which impedes its motion, it 
is eafily refleft^d 5 and, by confequence, that every 
ray is fucccffively difpofed to be eafily refleded 
or eafily tranfmitted by every vibration which over-^ 
takes it« 
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C H A p. VIIL 

« 

Of THE PERMANENT COLOURS OF NATlTRAL 
BODIESj AND THE ANALOGY BETWEEN THEM 
AND THE COLOURS OF THIN TRANSPARENT 
PLATES. ' 

A It has already been Ihewn (272, e), that the 
colours of natural bodies coilfid: in a diipo/icioa 
tb rcfleft the rays of one fort of light more copi- 
oufly than the fcft. But their conftitution, where- 
by they refledt fome rays more copioufly than 
others, remains to be difclofed. 

B Thofe fuperficies of tranfparent bodies refleft 
the greateft quantity of light, which have the 
greateft refrafting power; that is, which inter- 
cede mediums that differ moft in their refraftive 
denfities. And in the confines of equally refraAing 
mediums there is no refledion. 

c The analogy between rcfledVion and refraftion 
will appear by confidcring that the moft refrac- 
tive mediums totally rcfleft the rays of light 
at lefs angles of incidence, as ^as before (hewn 
(27Q, a). But the truth of the propofition will 
further appear by obferving, that in the common 
fuperficies of two tranfparent mediums, the reflec- 
tion is ftronger or weaker, accordingly as the fu- 
perficies hath a greater or lefs refraftivc power. 
If any tranfparent folid be immerged in water, 

its 
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its reflcSion becomes much weaker than before, 
and ftill weaker if immcrged in a fluid whofe re- 
frafting power is yet ftronger than that of water. 
If water be diflinguilhed into two parts by an ima« 
ginary furface, the refledlion in the confine of thofc^ 
two parts is none at all. In the confine of water 
and ice it is very little 5 in that of water and, oil 
fomcthing greater ; in that of water and fal-gemm 
ilill greater; and in that of water and glafs, or 
cryftal, or other denfcr fubftances, ftill greater, ac- 
cordingly as chofe mediums differ more or lefs in 
their refraftive powers. The reafon then why uni- d 
form pellucid mediums, as water, glais or cryftal, 
have no fenfible refled!ion, but at their external 
fuperficies, where they are adjacent to other me- 
diums of a different denfity, is, that all their con- 
tiguous parts have one and the fame degree of 
denfity. 

The leaft parts of almoft all natural bodies, are £ 
in fome meafure tranfparent: and the opacity of 
bodies arifesfrom the multitude of refledtions caufed 
in their internal parts. « 

This may be eafily feen by viewing fmall fub- f 
llances with the microfcope or magnifying glafs,. 
for they appear for the moft part transparent. And 
it may alfo be tried by means of the light received 
through a hole into a dark chamber. For any fub- 
ftance, how opake foever, if it be reduced to a 
fufficient thinnefs, and applied to the hole, will 
appear manifeftly tranfparent. Only white metal- 
line bodies muft b,c excited, which, by reafon .of 

U 3 their 
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their very great dcnfity, feem to refle6k almoft all 
the light incident on. their firft fuperBcics, unleis 
by folution in menftruums they be reduced into 
very fmall particles, and then they alfo become 
tranfparent. 

p Between the parts of opake or coloured Bodies 
are many fpaces, either empty or rcplcnifhed with 
mediums of other denfities j as water between the 
tinging corpufqles with which any liquor is im- 
pregnated, air between the aqueous globules that 

*^ conftitute clouds and mifts ; and for the moil partj 
fpaces void both of air and water, but yet, per- 
haps, not void of all fub^nce, between th^ parts 
of hard bodies. 

A The truth of this is evinced by the two prece- 
dent propofitions (f, g) : for, by the fecond, ther^ 
are many rcfledions made by the internal parts 
of bodies, which would not happen if the parts 
of thofe bodies were continued without any fuch 
interftices between them; becaufe reflexions arc 
only made in fuperficies which intercede mediunis 
of different denfities (293,, d), 

B A yet farther proof that the opacity of bodies 
arifes from this difcontinuation of their parts may 
be had, by confidering that opake fubftances be- 
come tranfparent, by filling their pores with any 
fubftance of an equal or nearly equil denfity with 
their parts. Thus, paper dipped in water or oil, 
the pculus mundi flone fteeped in water, lii^n 
cloth oiled or varniihed, and many other fubftances 
foaked in fi^ch liquors as will intimately pery^^de 

their 



tfeeir pares, become by that means more tranfpafent 
than otherwife -, fo, on the contrary, the moft tranf- 
parent fubftances may, by evacuating their pores, 
or fcparating their parts, be rendered fufficiently 
opake, as lalts, or wet paper, or the oculus mundi 
ftone, by bting dried; horn, by being fcrapedj 
glafs, by being reduced to powder, or otherwife 
flawed; turpentine, by being flirred about with 
water till they mix imperfcftly j and water, by be- 
ing formed into many imall bubbks,* either alone 
in the form of froth, or by (baking it together with 
oil of turpentine, or fome other convenient liquof 
with which it will not perfeftly incorporate. 

The parts of bodies and their interftices muft not c 
be lefs than fome deHnice bignefs to render them 
cpake and coloured. 

For the opakeft bodies, if their parts be (bbtilely d 
divided, as metals, by being diflblved in 4cid men- 
ftruums, &c. become pcrfeftly tranfparent. And 
it may alfo be remembered, that the black fpot 
near the point of contaft of the two plates of 
glafs being of fome confiderable breadth/ tranf- 
mitted the whole light where the glafTes did not 
abfolutely touch (ciSi, y). And the rcfleftion at 
.the thinneft part of the foap-bubble was fo infenfiblc 
as ta make that part appear intenfely black, by the 
want of rcflefted light (284, i). 

On thefe grounds it is, that water, fait, glafs, ^ 
ftones, and fuch like fubflances, are tranfpatent. For 
on many confiderations they feem to be as full of 
pores or interftices between their parts as other bpdies 

U 4 are, 
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ar^i but yet their parts and interftices to be too 
fmall to caufe refledion in their common fur^ces. 

T The tranfparent parts of bodies, according to 
their feveral fizes, muft rcflcftrays of one colour, 

' and tranfmit thofe of another, on the fame ground 
that thin plates or bubbles do refleA or tranfmit 
thofe rays. And this appears to be the ground of 
all their colours. 

G For if a thin body or plate, which, being of an 
even thicknefs, appears all over of one uniform 
colour, ihould be flit into threads, or^ broken into 
fragments of the fame thicknefs with the plate; there 
is no reafon'why every thread or fragment ftiould 
not keep its colour, and by confequence, why a 
heap of thofe threads or fragments Ihould not con- 
ftitutc a mafs or powder of the fame colour which 
the plate exhibited before it was broken. And the 
parts of all bodies being like fo many fragments of 
a plate, muft on the fame grounds exhibit the fame 
colours. 

H Now, that they do fo, will appear by the affinity 
of their properties. The finely coloured feathers 
of Ibme birds, and particularly thofe of peacocks 
tails, do in the very fame part of the feather appear 
of feveral colours in feveral pofitions of the eye. 
Likewife the fine-fpun webs of fomc Ipiders appear 
coloured j and the fibres of fome filks, by varying 
the pofition of the eye, do vary their colours. Alfo. 
the colours of filks, cloths, and other fubftances 
which liquids can eafily penetrate, become more 
faint by being wetted, much after the manner of the' 

plate 
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plate of Mufcovy glafs, and recover their vigour 
again by being dried. 

The air rcflefts the blue rays moft plentifully, i 
and muft therefore tranfihic the red, orange, and yelr 
ipw more copioufly than the other rays. If the light 
of the fetting-fun, . by palling through a long 
tradt of air, be diverted of the more rcflexible rays, 
the green, blue indigo, and violet, thd remainder, 
which is tranfmitted, will illuminate the weftern 
clouds with an orange colour ; and as the Sun fets 
Oiore and more, the tradt of air through which, the 
rays muft pafs becomes longer, the yellow and 
orange are refie&ed, and the clouds grow more 
deeply red, till at length the difappearance of the 
Sun leaves them of a leaden hue by the refle(5bion 
of the blue light from the air. A fimilar change of 
colour is obferved on the fnowy tops of the Alps in 
Switzerland, and the fame may be feen, though 
lefs.ftrongly, on the eaftern and weftern fronts of 
white buildings s St. Paul's Church at London is a 

« 

good objeft of this kind, and is often at fun-fet 
tinged with a confiderable degree of rednefs. The 
fame caufe likewiie occalions the Moon in an eclipfe 
to afllime a ruddy^ colour by the light tranfmitted 
through the atmofphere (156, n, o). 

The parts of bodies, on which their colours de- k 
pend, are denfcr than the medium which pervades 
their interftices. 

For if they were not, the variation of colour, l 
arifing from the various obliquities of the incident 
lighti (2*3, E, 285, k) would compound a mixt and 
imperfcdt colour, and jnever fo vivid as experience 

evinces. 
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evinces. But when the parts are much denier than 
the ambient medium, this variation is not fo conli* 
derable ; and therefore, the rays which are reflefted 
leaft obliquely may predominate over the reft, fo 
much as to caufe a heap of fuch particles to appear 
very intenfely of their colour. J 

M • And hence the , magnitude of the component 
parts of natural bodies may be conje£bured by their 
colours. • . ' 

N For, fince the parts of thefe bodies are of about 
the fame denfity as^ water or glafs, as by many cir- 
cumftances •is obvious to colleft, it is highly pro- 
bable tha^t they exhibit the fame colours with a plate 
of equal thicknefi. That colour being known, the 
thicknefs may be eafily found by the preceding 
obfervations^ 



CHAP. IX. 

or THE INFLECTIONS OF THE RAYS OF LIGHT WHICH 
PASS IN THE VICINITIES OF BODIES. 

) It is obfervable, that if a beam of the Sun's 

light be let into a dark room through a very fmall 

hole, the (hadows of ihings in this light will be 

larger than they ought to be if the rays went on 

by the bodies in ftraight lines, and that thefe Ihadows 

have three parallel fringes, bands, or ranks of colours 

adjacent to them. The principal circumftances of 

the phenomenon are as follow : 

If a beam of the Sun's light be admitted into a 

darkened chamber through a hole of the breadth 

of 
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of the forty-fccond part of an inch, or ^hereabouts, 
the (hadows of hairs, thread, ftraws, ,and other fmall 
bodies, appear confiderably broader than they 
would be if the light paffed by them in ftraight lines. 
For example; a hair, whofe breadth was the 280th 
part of an inch, being held in this light at the dif- 
tanqe of about twelve feet from the hole, did caft a 
fliadow which, at the diftance of four inches from 
the hair,, was the fixtieth part of an inch broad, 
that is, above four times broader than the hair ; 
and at the diftance of ten feet, was the eighth part 
of an inch broad, that is, thirty-five times broader. 

Nor is the efFeft altered by an alteration in the ^ 
denfity of the medium contiguous to the hair, ^ for 
its (badow at like diftances was equal, whether it 
was in the open air, or inclofed between two plates 
pf wet glafs, care being had that the incidence and 
emergence of the ray w^s perpendicular to the 
glafles. Scratches on the furface or veins in the 
body of polifhed glafies did alfo caft the like broad* 
ihadows. And therefore the great breadth of thefe 
ihadows muft proceed from fome other taufe than 
the ufual refraftion which might arife from any 
aftion of the ambient medium. ^ 

Let the circle x (fig. 84) reprefent the middle r 
"^of the hair 5 ado, b e h, c f i, three rays paffing 
by one fide of the hair at feveral diftances; k n q^, 
I- iQi R, MPS, three other rays paffing by the other 
fide of the hair at the like diftances ; d, e, f, and 
N, o, f , the * places where the rays are b^nt in 
. their paffage by the hair -, o, h, i, and q^ r s, 

the 
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the places where the rays fall on a paper, o c^i is 
the breadth of the fbadow of the h^ir caft on the 
paper; and ti, vs, two rays which fall on the 
points I and s, without being at all deflefted by the 
aftion of the hair. Then it is manifcft, that all the 
rays between t i and v s are bent in palling by the 
hair, and turned afide from the fhadow i s, becaufe 
if any part of the light were not bent it would fall 
within the ihadow, and there illuminate the paper, 
contrary to experience. And becaufe, when the 
paper is at a great diflance from the hair, the Oia- 
dow is broad, and therefore *he rays t i and v s 

^ are at a great diftance from each other, it follows 
that the hair ads upon the rays of light at a con- 
fiderable diftance in their pafling by it. But be- 
caufe the fhadow of the hair is much broader in 
proportion to the diftance of the paper from the 
hair when the paper is nearer to the hair than when 
it is at a great diftance from it, it is evident that the 
aftion is ftronger on the rays which pafs by at Jeaft 
diftances, and grows weaker and weaker accord- 
ingly as the rays pafs by at diftances greater and 
greater, as is reprefented in the fcheme. 

s The fhadows of all bodies in this light are bor- 
dered with three parallel fringes or bands of coloured 
light, of which that contiguous to the Ihadow is 
broadeft and moft luminous, and that moft remote 
from it is narroweft, and fo faint as fcarcely to be 
vifible. If the light be received very obliquely on 
paper, or any other fmoqth white body, the colours 

may be plainly diftinguifhed in this order, viz. the 

firft 
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firft Of inncrmoft fringe is violet, and deep blue next 
the ftiadow, and then light blue, green and yellow 
in the middle, and red without. The fecond fringe 
is almoft contiguous to the firfl-, and the third to the 
fecond, and both are blue within, and yellow and red 
without, but their colours are very faint, cfpecially 
thofe of the third. The colours therefore proceed 
in this order from the fliadow, violet, indigo, pale 
blue, green, yellow, red; blue, yellow, red j pale 
blue, pale yellow, and red. 

If a larger beam of the Sun's light be admitted t 

into a dark chamber, and part of it received on the 

blade of a iharp knife, whofe plane interfedts the 

diredion of the beam at right angles, while the 

other part is fuffered to pafs by the edge of the 

knife, and received on a paper at the diftancc of 

about three feet ; this kft light will appear to (hoot 

out or lend forth two faint luminous flreaois both 

ways int6 the Ihadow, fomewhat like the tails of 

comets. Thefe ftreams being very faint, are fo 

much obfcurcd by the light of the principal direft 

rays, that it is neceffary, in order to fee them with 

any degree of diftinftnefs, to let the direft rays pafs 

through a hole in the paper on to a piece of black . 

cloth. The light of the ftreams is then perceptible 

on the paper to thediftance of fix or eight inches 

from the Sun's dirc6t light each way, and in all the 

progrefs from that direft light decreafes gradually 

till it becomes infenfible. 

If two knife-blades, with ftraight, edges, be fo ir 

fixed 
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fixed or fet in a frame^ that they may both 
fituated in the lame plane, their edges parallel, and 
facing each other, and oiie of the blades moveable 
towards or from the other by means of a fcrew, fb 
that their parallelifm may he always preferv^d, a 
beam of light may be fufiered to pafs .between 
their edges, and the appearances are the following ; 
when the knives are at a confiderable diftance, fo 
that the intromitted beam is broad, the ftreams of 
light which (hoot both ways into the fhadow are 
fcarce vifible, for the reafon already mentioned, 
and the edges of the Ihadows are not bordered with 
coloured fringes, they becoming fo broad that they 
run into each other, and by joining, form one con- 
tinued light or whitenefs at the beginning pf the 
fireams. As the knives approach each other the 
fringes of colour appear on the confine of each 
ihadow, becoming diftinder and larger' until they 
vanifh, which happens when the edges are difhuit 
fomewhat more than the 400th part of an incb^ 
After the fringes have difappeared, the line of Jighc^ 
which was in the middle between them, grows, very 
broad, enlarging itfelf both ways into the ftreams 
of light afore- mentioned i and when the knives are 
diftant above the 400th part of an inch, the l^ght 
parts in the middle, and leaves a fliadow between 
the two parts. And as the knives ftill approach 
each other, the Ihadow grows broader, and tho 
ftreams fliorter at their inward ends, which arc corv- 
tiguous to the ihadow, tiU upon the contad^ of the 

knives 
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knives the whole lig^t vanifliesj leaving its place 
to the ihadow *• 

From ihefe and fojne other experiments of the 
fame tendency, it may be inferred. 

That all bodies a£t upon the particles of light v 
attracting them when within a certain diftance, and 
at greater diftaAces repelling them; for the two 
comet-like ftreams feem to be produced, the one 
by an attractive power exerted, by which the light 
is thrown into the ihadow of the knife, and the 
other by a repuliion, by which it is turned towards 
the contrary part or region*. 

That thefe aftions are ftrongcr on thofe rays w 
which fpais nearer the body than on thofe which 
pafs at greater diftances: confequendy thofe rays 
which wei^e parallel before their arrival in the yjci- 
nity of the body being varioufly deflcfted, muft, 
after pafling, diverge from each other ; and, at the 
limit or diftance at virhich attraction ceafes, and 
repulfion begins, there xnuft be a place at which the 
pafling rays being very little afFedted by the aCtJoa 
of the body, will proceed parallel, as before their 
arrival in its vicinity. 

That this limitation or diftance may diiFcr in x 
rays of different colours, and caufe the appearance 

* The cxpeHments of Newton on the inflexion of light 
are few, and imperfedt. Thofe who have followed him in 
this delicate and highly important department of Natural 
Phllofophyy have don6 little more than add fome infulated fafls 
to tliofe.obferved by him. The law followed by the powers 
. that infled light, and the limits of its adlion; are yet unknown, - 
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of fringes: for, if the limit be lefs in the violec 
rays than in the red rays, the parrallel rays of the 
violet colour will form a fringe, which (hall be 
nearer the (hadow of the body than that which is 
formed by the parallel rays of the red colour : and 
fo of the intermediate colours will be formed inter^ 
mediate fringe^. It muft, however, be confeflcd, 
that this fuppofition does not account for the repe- 
tidon of the fame colour at different diftances. 



C H A P. X. 

OF THE POWERS BY WHICH BODIES KEFLECT Oft 
REFRACT THE RAYS OF LIGHT. 

r The refle£fcipn of light is not caufed by its im- 
pinging or ftriking on the folid parts of bodies. 

2 This will appear by the following confiderations. 
Firft, That in the paflage of light out of glafi into 
air, there is a reflexion as ftrong as in its paflage 
out of air into glafs, or rather a litde ilronger, and 
by many degrees ilronger than in its paf&ge out of 
glafs into water. And it feems not probable^ that 
air fhould have more reflecting parts than water or . 
glafs. But if that (hould poflibly be fuppqfei^. 

A yet it will avail nothing; for the refiedion is as 
ftrong, or ftronger, when the air is drawn away from 
the glafS) as when it is adjacent to it. Secondly* if 
light in its paffage out of glais into air be incident 
more obliquely (270, a) than at an angle of 40 or 
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4 1 degrees, it is wholly rcflcftcd ; if lefs obliquely, 
it is in a great meafurc tranfmitted. Now, it is not 
to be imagined that light, at one degree of obli- 
quity, fbould meet with pores enoujgh in the air to 
tranfmit the greater part of it, and at another degree 
of obliquity, Ihould meet with nothing but parts to " 
-refleft it wholly; efpecially confidering that in its 
pafTage Out of air into glafs, how oblique foever 
be its incidence, it finds pores enough in the glaft 
to tranfmit the grciteft part of it. If any one fup- 
pofc that it is not rcflefted by the air, but by the 
outmoil fuperficial parts of the glafs, there is dill 
the fame difficulty.: befides, that fuch a fuppofltion 
is unintelligible, and will alfo appear to be falfe, 
by applying water behind fome part of the glafs 
ipftead of air. For fo in a convenient obliquity of 
the rays, fuppofe of ^5 or 46 degrees, at which they 
are all refleded where the air is adjacent to the 
glafs, they (hall be in great meafure tranfmitted 
where the water is adjacent to it; which argues 
that their reflection depends on the conftitution of 
the air and water behind the glafs, and not in the 
ftriking of the rays upon the parts of the glafs. 
Thirdly, If the colours made by a prifm placed at 
the entrance of a beam of light into a darkened 
room be fucceffivelyicafl: on a fccond prifm (27 1, c) 
placed at a diftance from the former, in fuch man- 
ner that they are all alike incident upon it, the iecond 
prifm may be fo inclined to the incident rays, that 
thofe which are of a blue colour (hall be all re- 
flefted by it, and yet thofe of a red colour pretty 
Vol, I. X copioufly 
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copioufly tranfmittcd. NdW, if the reflcdlion be 
caufcd by the parts of air or glafs, , it may be de- 
manded why, at thd fame obliquity of incidence, 
the blue (hould wholly impinge on thofe parts, fo 
as to be all rcfleftedi and yet the red find pores 
enough to be in great meafure tranfmitted. Fourth- 
ly, Where two glaffcs touch one another there is no 
fenfible rcfleftion (281, y), and yet no reafon can 
be givtn why the rays (hould not impinge on the 
parts of the glafs as much when contiguous to 
other glafs as when contiguous to air. Fifthly, 
When the top of a fbap water bubble, by the con- 
tinual fubliding and exhaling of the water, becomes 
very thin, there is fuch a little and almoft infen- 
fible quantity of light refieded from it, that it 
appears inttnfely black (284, i) 5 whereas, round 
about that black fpot, where the water is thicker, 
the refledlion is fo ftrong as to make the water 
feem very white. Nor is it only at the lead thick- 
nefs of thin plates or Bubbles, that there is no 
manifed reflexion, but at many other thickneflcs 
continually greater and"^ greater. For we have feen 
that the rays of the fame colbur are by turns 
tranfmitted at one thicknefs^ and reflefted at an- 
other thickneft for aft indeterminate number of 
fucceflions; . And yet, in the fuperficies of' the 
thin body, where it is of any one thicknefs, there 
are as many parts for the rays to impinge on as 
where it is of any other thicknefs. Sixthly, If 
refleftion were caufed by the parts of reflcfting 
bodieSi it would be impofliWe for thin plates or 
' bubbles 
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bubbles at the fame place to reflcft the rays of 
one colour, and tranfmit thofe of another. For it 
is not to be imagined, that at one place the rays 
which, for inft^nce, exhibit a blue colour, Ihould 
accidentally ftrike upon the parts, and thofe which 
exhibit a red upon the pores, of the body; and then 
at another place, where the body is either a litde 
thicker or a litde thinner, that on the contrary, the 
blue Ihould hit upon its ppres, and the red upop its 
parts. Laftly,Wcretheraysonightrcflcfted by im- o 
pinging on the folid parts of bodies, their refleftions 
from polifhed bodies could not be fo regular as they 
are. For in policing glafs with fa^d, putty, or 
tripoly, it is not to be imagined that thofe fub- 
fiances can, by grating and fretting the glafs, bring 
all its lead particles to an accurate polilh, fo that 
air their furfaces Ihall be truly plane or truly fphe- 
rical, and look all the fame way, fo as together to 
compofc one even furface. The fmallcr the par- 
tides of thofe fubftaoces are, the finaller will be 
the fcratches by which they continually fret and 
^ear away the glafs until it be polifhed ; but be 
they ever fo fmall,. they can wear away the glafs no 
otherwife than by grating and fcratching it, and 
breaking the protuberances, and therefore polifli it 
no otherwife than by xbringing^ its roughncfs to a 
very fine grain, fo that the fcracchings and frettings 
of the furface become too fmall to be vifible. And 
therefore, if light were reflcdcd by impinging upon 
the folid parts of the glafs, it would be fcattere^ 
a% much and as irregularfy^:l)y- the moft polifhed 

X a glafs 
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glafs as by the rougheft. So that it remains^ a pro* 
blcm, how glafs polifticd by fretting fubftances can 
reflcft light fo regularly as it docs. And this problem » 
is fcarcc otherwife to be iblved than by faying, that 
the refledion of a ray is *efFe6lcd not by a iingle 
point of the rcflcfting body, but by fome power 
of the body which is evenly diffofed all over its 
furfacc, and by which It afts upon the ray without 
immediate concaft : for that the parts of bodies do 
a£b ^upon light at a diftance> has already been 
Ihewn (301, T, u). 

Now, if light be rcfleded, not by impinging 
on the folid parts of bodies, but by fome other 
principle, it is probable that as many of its rays as 
impinge on the folid parts of bodies are not rer> 
fiefted, but ftiQed or loil in the bodies. For 
otherwife^ we mud allow two forts of refle£tions» 
Should all the rays be refieAed which impinge oil 
the folid parts of clear water or cryftal, tboie fub- 
ftances would rather have a cloudy colour than a 
clear tranfparcncy. To make bodies look black 
in all politions, it is necei&ry that many rays be 
fiopped, retained, and loft in them; and it is 
difficult to conceive that any rays can be ftopt 
and ftified in them which do not impuige on their 
parts. 

Bodies rcfleft and refraft light by one and the 
fame power, variouQy excrcifcd in various circum- 
itances. 

This, appears by fcveral'confiderations. Firft, 

Becaufe when light goes out of glafs into air as 

I obliquely 
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obliquely as it can poITibly do, if its incidence be 
made ftill more oblique, it becomes totally refledlcd 
(270, a). For the power of the glafs, after it has 
refrafted the light as obliquely as is poflible, if the 
incidence be ftill made more oblique, becomes too 
ftrong to let any of its rays go through, and by 
confequence caufes total refledion. Secondly, Be* 
caufe light is alternately reBedled and tranfmitted 

ft I 

by thin plates of glafs for many fucceflions (285, l) 
accordingly as the thicknefs of the plate incrdafes in 
an arithmetical progrefljon. For here the thicknei$ 
of the glafs (determines whether that power by which 
glafs afls upon light (hall cauie it to be refle6ted> 
or fufFer it to be tranfmitted. And thirdly, Becaufe 
thofc furfaces of tranfparent bodies which have the 
greateft refrafting power do alfo refledt the greateft 
quantity of light (292, b, c). 

The power by which bodies rcfleft and refraft f 
light, is the fame as was fhewn to be common to all 
bodies, and the caufe of the inflexion of the rays 
of light pafling in their vicinities- (303, u). For 
we muft admit no more caufes than are true, and 
fufEcient to explain the phjeriomena (6, i).. Such 
a caufe is this j its exiftencc being proved, and its 
adequacy to the explanation of the reflexion and 
refradion of light eafy to be Ihewn, 

Let c D, (fig. 85) reprefent the furface of a o 
tranfparent body a, contiguous either to a vacuum ' 
B, or other medium poflcffing a kfs power of refledb- 
ing or refradting the rays of light. Let e f reprc- . 
fent an imaginary furface at fuch a diftance frord 
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CD as to be fituated at the limit of attraftion, 
(303, w) that is to fay, the fpacc between e f and 
c D is that in which, if a ray of light pafs, it will 
be attrafted by the denfe body a, and on the other 
fide towards b, near the line e f, a ray of light will 
be repelled. 
H * Suppoie now c h to be a ray of light palling 
within the rare medium b, obliquely towards thr 
furface c d, and let the line or part k h denote its 
velocity. This motion may (23, t) be refolved 
into Ki parallel, and i h perpendicular to cd; 
The attraftion or repulfion exerted by the neareft 
parts of the body a (and the other parts may be 
negleAed) or by thofe in the furface c d,- muft be 
aflumed to ad in the perpendicular to that fur- 
face, becaufe no reafon can be given why it ihould 

ft 

a£l towards one fide more than another, Ic will 
therefore alter only the motion i h without cffcft- 
ing K I. When the light approaches e f it will be 
repelled ; and if the force of repulfion in arriving, 
at £ F be greater than would generate the momen* 
tum I H, this laft xnotion will be entirely deftroyed 
before the light can arrive at the imaginary fur* 
face; The aftiop of the repulfion, after it has 
deftroyed i h, will, whatever may be its law, pro* 
duce an equal velocity in the oppofite direftion, 
Confequently the ray will defcribe a motion com* 
pounded of HI and il (equal to Kt) and in the 
fame direftion; that is, it will pafs through the line 
H L, making the angle of rcfleftion i h ?r equal to 
tliQ angle of incidence ih k (a^a, y), 

Again, 
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Again^ fuppofe mn to be a ray of light pafllng i 
within^ the rare medium b, which either by the 
more direft courfc towards the furfacc or otherwife , 
h^s the perpendicular part o n of its motion toq 
great to be deftroyed by the repulfion experience4 
in approaching bf. It will pafs that imaginary 
furfacc, fuffering only a diminution of its velocity 
cftimatcd in the perpendicular o n. While it goes 
forward towarcjs c d, its velocity in the perpendi-p 
cular will be continually augmented by the attrac* 
tivc force ; and if the whole accelerating force exn 
cced the whole retarding force, as in this cafe ex« 
perience (hews it does, the light will enter and 
proceed iq the dcnfe body with a velocity in the 
perpendicular q^s, greater than it had before iij 
o n I the parallel velocity p o or s r ftill continXi-. 
ing the fame. The ray q^t will for this reafoq 
make a lefs angle s ^R with the perpendicular 
than before, inftead of continuing in the line n u ; 
that is, it will be refraiSled towards the perpendi-< 
?ular by entering the denfe body (262, a), 

Again, fuppofe v w to be a ray of light pafling i^ 
within the dcnfe body a, obliquely towards the 
furface c d. Rcfolve the motion reprefented by 
y w into v x and x w, the firft parallel, and the lat- 
tcn perpendicular to c d. The ray will pafs out of 
the dcnfe body iiaco the fpace between ? f and c d 5 
where, if the force of attraction towards c d on a 
ray during its paflagQ to e f be greater than th§ 
momentum x w in the contrary dirc6lion, thi^ laft 
(notion will be entirely deftroyc^i before the light 
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can arrive at the imaginary furface. Whence it 
follows, that for reafons fimilar to thofe ufed in 
fpcaking of the ray c h (jiQ* h), the ray v w will 
be again returned towards c d, with a velocity equal 
. and contrary to x w, which, together with x z, the 
continuation of the uniform and unaltered velocity 
Yx, wilj compound the aflual motion wz, making 
the angle of refleftion xwz equal to the angle of 
incidence x w y (1262, y}. 

L Laftly, fuppofe t <^ to be a ray of light pafling 
within the denfe body a, which either by the more 
direft courfc towards the furface, or othcrwife, has 
the perpendicular part s cl of its motion too great 
to be deftroyed by the attraction experienced in its 
paflage to e p. It will pafs that imaginary furface, 
fufFering only a diminution of its velocity eftimated 
in the perpendicular s q. When it has gone be- 
yond E F, its velocity in the perpendicular will be 
continually augmented by the repulfive force; and 
if the whole accelerating force be lefi than the whole 
retarding fo^-ce, as in this cafe experience fhews it is, 
th^ light will enter, and proceed in, the rare me- 
dium with a velocity in the perpendicular n o^ left 
than it had before in s q^; the parallel velocity r s 
or o p ftill continuing the fame. * The ray n p will 
for this reafon make a greater angle o n p with the 
perpendicular than before; that is, it will be re- 
fraded from the perpendicular by entering the rare 
medium (262, z, a). 

M From thefe confideradons it is deduced alio, 
that the rays of light arc not rcfra£led or rcflefted 

aU 
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all at once, but in refraftidn bent into a curve 
by the aftion of the body, fo as to enter the furface 
qf any medium more or Icfs dircftly than they other- 
wife would have done, if its denfity had conti- 
nued the fame through the whole courfe of the 
rays. And in reflection, that the force afting in i 

the direftion of the perpendicular to the furface 
of a body, does not deftroy the motion of the 
ray all at once, but bends it back in a curve. 
Which force, when it has deftroycd that part of 
the motion of the ray which tended perpendiculariy 
towards the common furface of the adjacent mc* 
diums, muft refleft the ray with an equal angle 
and degree of velocity on the oppofite fide of the 
perpendicular to the point of incidence, or vertex 
of the curve. This is evident from what has al-^ ft 
ready been faid on the compofition - and refolution 
of motion (23, t), and may,* perhaps, without 
entering into particular explanations, be more rea- 
dily conceived by attending to the motions of bodies 
projefted obliquely from the Earth's furface : for 
here the afcending or perpendicular part of the mo- ^ 

tion is gradually deftroyed by the conrihualjy a<9r- 
ing forte, and a new, fimilar, and equal motion is 
generated in the contrary direftion, which, ab- 
ftrafting the efFeft of the air's refiftance, caufes 
the body ,to fall under an equal angle, and with the 
fame velocity. 

If the forces of bodies upon the particles of o ' 
light be fuppolcd to a£t equally after the ratio of 
the mafles of the particles^ the rays will 'be all 

equally ^ 
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equally refraftcd or rcflcftcd, However different 

p their mafTes, provided their velocities be equaL 
If the fame law of the forces be fuppofed, and the 
velocities of the parades be various, thofe which 
move with lefs velocities will fufiPer a greater de-^ 
fledion than thofe which move with greater vdo- 
cities* r The . varying refrangibility and reflexibilitf 
of the rays of light muft arifc either from the v^ 
rious velocities of the particles themfeives, or from 
the a£tion of bodies on the particles being ftronger 
on ibme than on others, after the ratio o( their 

0^ rpaffes. If the various velocities were the caufe, the 
moons of Jupiter, after being ecHpfed^ ou^ to 
appear . illuminated with a variety . of colours,* in 
t^ccefGon, as the velocities of their conftitqent 
rays caufed them .refpcdively to arrive at the eye 
of the obferyer : and when light is difperfcd, by 
refraAion, into its component colours, the quan- 
tity of this difperfion ought in every medium 
to be equal at equal mean refraftions of the 
whole ray : both which are contrary to experience. 

R Whence it follows, in order to produce the va- 
riety of refraftion or reflexion which Jiappens in 
the feveral rays of light, bodies muft aft on fome 

. , of the particles of light more ftronglf than upon 
others, after the ratio pf their maffcs. 
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Of Optics. 



C H A P. I. 

CONCERNING THE REFLECTION ANd' REFRAC-^ 
TION OF ' LIGHT BY SURFACES REGUtARLV 
FORMED, 

Before the difcoveries of Sir Ifaac Newton a 
had (hewn the compoQtton of white ' Ught, the 
iclence of optics confifted of propofitioDs in which, 
the rays of light were always fuppofcd to be equally 
refrangible or reflexible. And, indeed, , though 
the difperfion of light, when refrafted into its 
component coloisrs, is the gceateft obftaeie to thie 
perfection of the inftruments now made; yet on 
moft occaGons, with, refpedt to vifion, we may re- 
gard a ray of white light as ftill continuing white» 
even after rcfradion. For the colours of the fpec- 
trum into which it is dilated, are fo near each 
other, when the incidence is near the perpendicu- 
lar, that to fcnfe they form a white very litde dif- * 
feting from that of the incident ray. But in ftrid- ^ 

ncis/ 
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ncis, the general principles of optics are true only 
of any tingle kind of rays. 

q That bodies are vifible only by means of the 
light which they emit or refledt, is too evident to 
need any particular proof; and that every jx>int 
of an illuminated furface emits the rays of light 
in all diredtionsj is clear from the vifibility of the 
furface, to an eye in any pofition whatfoever: for 
if any part or fenfible point of the furface did not 
emit light in a fuppofed or given dirediionj that 
point, to an eye placed in that direction, muft be 
invifible. But this efFe6t never happens. 

D The rays which proceed from a point are neceC* 
jarily idivergent, but if they fall on a refleding 
or refra&ing furface, they will be fcattered in fuch 
direilions as the conftruftion of the furface pro- 

t duces. If the furface be properly formed, the 
whole beam of rays may proceed, after rcflcdion 
or refraftion, either diverging from fomc oAer 
point, or parallel, or converging to a point. 

r When the rays which are emitted or proceed 
from any point are confidered, that point is called 

G the radiant point; when the rays which proceed to 
any point are confidered, that point is called the 

H focus; and when the rays which proceed from a 
whole V furface or objeft, are confidered, the body 
of rays which is emitted from any one point, or 
as much of it as is applied to ufe, is called a pencil 
of rays. ^ 

I Since a pencil of rays emanating from any 
given point of fpace, is the means by which the 

fight 
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fight afTures us, that a body exifts at or in that 
point, it is plain that we are liable to deception 
in that relpeft : for if the pencil be fo affeftcd, 
cither by reflection or refradion, as to proceed 
with a different divergency or direftion, that is, 
in the fame manner as it would have proceeded if 
emitted from fome other point of fpace, the fenfe * 
will refer tlie place of the obje<ft to the point 
which is in the direftion of the lad courfe of the 
rays (263, c). 

Thus, if MR (fig. 86) reprefent the fcftion of k 
a plane mirror, and p b an objeft, then the pen- 
dils o c and b d being reflected at c and d, will 
proceed to the eye at b, in the fame' mannpr as if 
emitted from points fituated at i and Mjt, and the 
fame happening to the pencils which are emitted 
from the intermediate points between o and b, the 
fenfc will refer the place of the objeft to i m. The 
fapie happens by refraction, as is clear from the 
confideration of fig. 73. (263, e). 

If a pencil of rays be rendered convergent, fo ^ 
as to meet and crofs each other in a point, they will 
afterwards diverge, and the fenfe . will refer the 
place of the radiant point or objed: to the foous 
of the convergent rays, from which the divergence 
was laft made ; and that rays of any fort may be 
rendered thus convergent, either by refleftion or 
refraSion, is eafily fhewn. 

Suppofe R (fig« 87) to be a point, in any U- M 
luminated or luminous objedb, which emits a pen« 
cil confiding of fcvcn rays of light, ra, rb, rc. 
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RD, R E, R F> R<; ; Ict thc fay R A bc Tcceivcd on 
a fpcculunii fo placed as to ft&cA it through the 
point s : let another fpcculum be adapted to re- 
ceive and reflect rb alfo through s; and, in like 

' -manner, let the other rays be refleffced through the 
fame point ; and the point s will become a radiant 

^ point, by means of the divergent rays, and will 
zSe& the fenfe in the fame manner as if the rays 
aftually flowed from a body placed there. If 
the fpeculumis bej||ppofed to touch each other, 
they will form a polygonal concavity. ; Suppofe 
now the number of rays, inftead* of feven, to be 
infinite; then the adapted refledbg furBice ao, 
inftead of polygonal, mud become curve, .by rea^^ 
ion of the infinite number of (ides. The fame 
xeafoning may be applied to rays, which, inftead 
of being emitted from a pobt, or diverging, fall 
on the reflecting furface, either converging to a 
point, or parallel to each other. It is therefore 
poflible to conftrudb a fuperficies that (haM refled 
into a focus the rays pf light, which, either by 
converging or diverging, are direfted cither . to or 
from any particular point. 

N Upon the fame principles may be con0:ru£led 
■fpeculums, which ihall caufe the rays, after reSec- 
tioii, to diverge from any given point behind the 

o refledting furface. Thofe fpeculums, which ^caufe 
the rays to become more divo'gent muft be convex, 
and thofe which caufe them to become more con- 
vcrgcnt muft be concave, as may eafily bc ima- 
gined. 

The 
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The celebrated Arihiriiedes, at the uege of Sjr- p ' 
facufe, is faid to have deftroycd the ftiipi of Mar- 
ccllirs, by a machine compofcd of fpcculums. 
Since a plane lpeculun(i, in theory, reflcds all tht 
light which is incident upon it, under the fanie 
aficdions with which it was incident ; the rays of 
the Sun, which, as coming from a vaftly diftanc ' 
qbjeft, may be efteemed parallel, will be rcfledted 
parallel to ^ach other ; and confequenily will heat 
and illununate any fubflance on which they fall 
after refledion, in the lame manner as if the Sun 
(hone direftly upon it. Two fpeculums, which 
refleft the Sun's light on the fame fubftance, will 
heat it twice as much as the Sun's direft'lighf. 
Three will, in like circumftances^ heat it three 
times as much. And, by increafing the number 
of fffcculums, a prodigious degree of heat may be 
produced ; more than fufHcient to confume and dc- 
ftroy any, inflammable fubftance. 

Though a plane fpeculum in theory is fuppofed cL 
to reflcft all the light which falls upon it, yet in 
pra<5lice almoft half the light is loft, on account 
. of the inaccuracy of the poliih, and the want of r 
perfeft opacity in the fubftance of the mirror; 
on which accounts it happens that a confiderable 
part of the light is fcattcrcd in all diredioHs, 
and another part is abforbcd by the body. The R 
indefatigable BuflTon, in the year '1747, was the 
firft of the moderns who conftruftcd a burning 
machine of this kind. It confifted of 168- quick- 
fiivered glaflfes or fpecula, each H inches long"- aixi 

6 broad. 
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6 broad, fo contrived, that the focal diftance might 
be varied and alfo the number of glafles, as oc- 
cafions required. In the month of March, 1747, 
with 40 glafles he burnt a plank, at the diftance of 
about 70 feet. 

s If a body of rays, which either proceeds paral- 
lel, or, by converging or diverging, refpefts a 
given point, falls on the intcrcedent furface of two 
mediums of different refrading povyers, the rays 
may be fo refraded, if the furface be righdy formed, 
as to proceed parallel, or to converge to, or to 
diverge from, fomc other point. 

T Let the polygonal furface abcoefg (fig. 88) 
reprefent the furface intcrcedent between two me- 
'diums, the rarer being fituated on the fide towards 
R^ and the denfer towards s; and let a pendl, 
compofed of feven rays, r a, r b, r c, r r*, r b, 
R F, R G, be incident, each ray on a different plane, 
as rcprefented in the figure, Suppofe the ray r a 
to be received on the furface at a, with an angle 
of incidence that corrcfponds to the angle of re- 

/ fraction which defiedts the ray to the point s. And 
fuppofe the ray a b to be received Icfs obliquely, 
or at a certain lefs angle of incidence; its angle of 
refraction will alfo be lefs, and it will proceed to 
s. And let a fimilar adjuftment of the planes at 
c, D, &c. be fuppofed, and the other rays will be 
refraftcd to the fame point. Or if s be fuppoled 
,thc radiant point, the mediums being as before, 

u the focus will be at r. It is therefore plain, that 
. rays proceeding out of a rare into a dehfe medium 

are 
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ire rendered more convergent by a convex furfacc, 
aod rays, proceeding out of a* denfc into a rarci 
medium, are rendered more conv6rgent by a con- / 
cave furfacc J and th0 contrary. Let the pencil 
confift of an infinite number of rays, ind the 
polygonal furface, adapted to refraft it to a point, 
will, by reafon of the infinite number of its fides, 
become a curve. The' fame argument may be 
applied to rays that arc , either cbnvergent or 
parallel at their incidence on the j*efrafting furfacc. 
Cortfequently, the intercedent furface of two me- . 
diums may be fo formed as to refraft into a focus> 
or rehdcr parallel, or divergent thofe rays, which, 
at their incidence, are cither parallel, or do, by 

■converging or diverging, refpeft any particular 
point. 

From the cftablifhcd laws of refteftion and re-^ V 
fradion^ it is not difficult ta inveftigatc the nature 
of the curves, into which the before-mentioned 
furfaces ought to be, formed. But as the errors w" 
that arife from the ufe of fpherical furfaces are 
very fmall, and may be remedied by other meahsj 
and the mechanical or pradlical conftruftion of the 

' required curves is very difficult, the parts of op* ' 
tical inftruments are commonly formed fphericalv 
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C H A' ?. II. 

OF DIOPTRICS ^ OR THE REGULAR REPRACTIOlf 

OF LICHT. 

k Glass being a medium denfer and more xe'^ 
fia6)ing than the air^ i3 ufed Co ma«ke the tranipa- 
rc^t parts of optical inftruments which are coif» 
ftru£ted to a£fe by the principle of refradion. A 
piece of glafs properly figured for that puqx)/e is 
called a lensj and is diftingmlbed by the nature of 
its fur&ces: dnis a (fig* 89) is a plaioa-conYexy ^ 
a double convex^ c a plano-concave^ d vt double 
concave^ and e a convex-concave. 

Y The two firft lenfesj a and b, nearly refemUe 
each other iii their properties : for they refrad con- 
ver^ng or parallel rays to a pmnt or focus, and 
refra<5l divergjuig rays> lb as either to make them 
meet in a focus or proceed lefs divergent than be- 

z fore. If A B (fig. 90) reprefent a double convcjl 
lens> and R a radiant pointy then the rays which 
fall on^ the lens will be refi-aded to t» if the len» 

A be of the requifite convexity. For the rays that 
ML on the convex furface a c d are rendered more 
convergent, and are made to converge ilill more 
byfallmgon the concave furface adb (320, u). 
The two following Icnfcs, c and d (fig. 89), arc 
referred to one Ipecies, on account of the refem-» 
blance of their properties ; for they render the in- 
cident rays more divergent than before, and thcre- 

6 fore 
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lore caife diverging or parallel rays to diverge from 
an imaginaiy or virtual focus^ and refradb con- 
verging rays» to as either to make them diverge 
from an ims^inary focus, ot proce^ tefs conver* 
gent than before^ If ab. (Bg. 91) reprefent a b 
double concave lensj and a a radiant pointy then 
the rays which fall on the leris will be rendered 
more divergent, ^nd will proceed as if they had 
proceeded from the point f, which is called the 
virtual focus; The fifth lens £ reiembles a and c 
B, if its convexity, be deeper, or a portion of a 
Ids fpfaere than its concavity: but if the con- 
cavity be deepefl^ its properties refemhle thole of 
c and D* 

In the four firfl: lenles^ the changes made in the p 
tourfe of the rays are more confiderable the more 
the furfaces are curved 1 but in the lad the changes 
are more confiderable, the more the curvities of the 
two futfaces differ from each pther^^ 

A right line, as R F (%. 90) paffing through b 
the center of any lens, and perpendicular id 
both its furfaceSi h called the axis of the lenSi 
The focus of rays that refped the axis, either by 
falling paralkl to it, or diverging from or converg- 
ing to a point fituated iti it, Is fotind In the axis, 
and is called the principal focus« 

A right line drawn from the point of convergence f 
or divergence of any pencil of rays incident on a 
lens, through the center of the lens, , will pals 
through the focus of that pencil, if the point of 

If a . convergence 
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convergence or divergence be not fituated far frotii 

the axis, 
o The rays of Kght \(rhich diverge from the focui 
after pafling through a lens, ^v^ill occafion the fcnfc 
to refer to that pointy as if occapied by a lucid 
objeft (316, i)i the focus,; therefore, may be faid 
to be' the pi&ure or image of the radiant point* 
And as a furface may be conceived- to be com- 
ppfcd of an indefinite number olf radiant points, 
the like number of focal points, will appear, and 
confequently a furface will be formed that wiJJ be 
H the image of the radiant furface. Let o b (fig. 9*2) 
reprefent an objcft, and l n a double convex kn?; 
from o and b through c the center, draw the lines 
o c I and b c m, and the foci of the points o and 
B will be found at i and m in thofc lines (323, f); 
xBore or lefs diftant from c, as the curvity of the 
furfaccs of the glafs is lefe or greater. The foci 
of the radiant points fituated between o tod b will 
be found between i and m, by the feme procels. 
Gonfcquendy an inmge will be there formed, refcm- 
bling the objeft, from each point of which rays 
of light wiU diverge in the fame manner as from 
a real objeft i- and its pofition, by reafon that thfc 
rays crofs at g, will be inverted, or contrary to 
i) the objeft itfelf, as appears by the figure. And 
becaufe the triangles o c b and i c m arc fimilar, 
the linear magnitudes of the image and the objeft 
be to each other refpedlively as their diftanccs from 
the lens f for, 

r 

As- 
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As the Ciic c o^ or diftance of the objtSt from 
the lens. 

Is to the fide o b, or length of the objedt; 

So is the fide ci, or dffiance of the image. 

To the fide i m, pr length of the image. 

Again, let.oB (fig. 93) reprefent an objedt, k 
and i# N ^ a double concave le^s ; draw o c and b c, 
and the virtual foci of th^ points o and b will be 
found at 1 and m in thofe lines {323, f) more or 
lefs diftant from c, as the curvity of the furfaccs 
of the glafs is lefs or greater. The intern;icdiate 
points of the objeft will hjjive iheir intermediate 
foci between i and m, ai\d the pofition of the image 
will be eredl -as iycll as theobjed. And becaufe l 
the triangles oc b ^nd i c ^ are Qmjlar, the linear 
magnitudes of the objed and image . will be as 
their diftanc.es from" the lens. 

Hence it may be eafily concpived^ how ponvex m 
lenfcs become burning-glaffes. For as the objedt 
and image, if viewed from the center of the lens 
fubtend the fame angle, and the fun is feen under 
^ angle of about half a degree, we m^y readily 
find the denfity of jthe rays which forip its image 
in the focus of any lens. For example, if a lens, if 
four inches broad, jcolle£l the Sun*s rays into. a 
focus, at the diftance df one foot, or twelve inches, , 
the image will not be more than ^V of an inch 
broad. The furface of this little circle, there- 
fore, will be 1600 times lefs than the furface of 
the lens, and confequendy the Sun's light muft 
be (b many rimes denfer within that circle. No 

T 3 wonder^ 
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wonder^ then> that it burns with a degree of 
violence and ardor far exceeding that of any cur 
linary fire. 

o If a paper or white fubftance be held in the 
focus of a convex lens^ the feveral foci of the ra^ 

- diant points of objeds (ituated on the •ther fide 
of the lens. will illuminate as many points on the 
paper; which illuminated points agreeing in rela- 
tive ficuation, intenfity, and colour with thofe of the 
objeAs themlelvesj will depi£t an exa£t and lively 
perfpeAive view of the fame, though by reafon 
of the croflfing of the rjiys, it will be invertdd. 
But this phenomenon is fcarcdy to be fcen, if ap]^ 
light be permitted to fall on the paper befides 
that >*hich pai&s through the lens j for whicl^ 
purpofe the lens may be fixed in the window* 
fhutter of a darkened chamber, as we ihal} hs^vQ 
occaflon to remark in future. 
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CHAP. IIL 

OF THE EYPi AND OF VISION. 

If the conftruftion of the univcrfe were not ib p 
evident a proof of the exiftence ofafupremely wife 
jaDd benevolent Creator^ as to render particular ar* 
gumeiits unnece0ary, (162, A)-the ftrufture of the 
eye mig^t be offered as one, by no means of the le;ift. 
This inftanccv among numbcrlefs others, demon* 
ftrating that the beft performances of art are infi* 
nitely (hprt of thofe which are continually produced 
by the divine mechanic. 

Though the apparatus, by whicii the eye is ci^ 
preferyed and kept in a ftate proper for the quick 
motion and accurate ditiedion towards the objed 
to be viewed, is well worth attention and remark; 
"^ yet, as it does not immediately con)e under our 
notice as illuftrative of the principles jof optic3>..W€ 
&all confider only the globe of the eye, or orgaft 
by which viiion is performed. 

The eye is compofcd of ieveral tunics or inte- r 
guments, one within the other, and is filled with- 
in with tranfparent humors of different refra£tiv« 
den&ies. The external tunic called the ftlerotica, 
is white^on the anterior part, except a circular por-- 
tion immediately in front, ^hich is transparent, 
jind more convex than the reft of the eye: thid 
tranfparent part is called the cornea. InMil^ate^ 
adherent to the folerotica within, is the choroides,^ 

Y 4 or 
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or uveat which at die circumference of the cornea, 
becomes the. iris» being expanded over great part 
of its fur&£e> though not contiguous, to it.- The 
iris is compofed of two kinds of mufcular fibres ; 
the one Ibrt tend like the radii of a circle towards 
its center^ and the others form a number of con- 
centric circles round the fame center. The central 
part of the iris is perforated^. and the orifice^ which 
is called the pupilj is of no ponftant magnitude ; 
for, when a very luminous objeA b viewed, the 
circular fibres of the iris contract, and diminifh its 
orifice^ and on the other hand, when objedbs are 
dark and obfcure, the radial fibres of the iris con- 
trad, and enlarge the pupil ib as to admit a greater 
quantity of light into tBe eye. The iris is varioufly 
coloured [ in different perfons, but according to no 
certiin rule : in general) they whofe hair and com- 
plexion are light coloured, have the iris blue or 
grey ; and on the contrary, thofc. whofe h^ir and 
con^lexion arc dark, have the iris of a deep brown.' 
JBut . what fpecific difierence this ^may occaiion in 
the fenfe, or whether any at all, is not difcoverablc. 

r 

Within the uvea is another membrape, which at 
the circumference of the corner becomes fibrous^ 
and is called the ligamentum ciliare. This liga- 
jnent is attached to the circumference of a double 
conve}^ lens, whofe axis correfponds with the center 
pf the pupil 5 and whicji, by means of the fibres, 
can be altered in a fmall degree in petition, and 
perhaps in figure. The lens is termed the cryfhU- 
|iqe humprs and is included in a very flrong and 

tr^nf. 
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fwtfifparcnt membrane^ called, the arachnoidcs, 
Between the cryftalline humor an^ the cornea is 
^contained a clear tr^nfparent fluid, called the acjuc- 
pus humor; and between the cryftalline humor 
jand the pofterior part or bottom of the eye is in- 
xrluded another clear tranfparent fliud, whjch i$ 
termed the vitreous humor. The refradlive dcnfity 
of the cryftalline is greater^ than tbofe of the hur 
mors that furrouniit. On the fide next to the 
jipfe a nerve is inferted in the bottom of each eye, 
about twenty-five degrees from the a^is of the 
"Cryftalline, which, after entering the eye, is fpre^if 
into, an exceeding fine coat of network, termed the 
i-etina. L.aftly; ^ very bl^ck ipucus or (lime is 
fpread oyer 9II the internal parts of the ^yp, that 
' are not tranfparent, except the anterior part of the 
iris, which, as before obferved, . 13 coloured, , 

In the figure, the three concentric circles A:a.c s 
X6g*94) reprcfept the coats of the eyf, The 
external coat, or fclerptica, ,is tr^fparjsnti-.an^.mQrc 
jopnves; between a and b, akb being the.cornea. 
The fccond . tunic, or uvea is fibrous between , p 
and I, and between g and H,and is there called the 
iris i the hole i h is the pupil The third coat. be- 
comes fibrous between b and e, and between c and 
F, being there called the ligarpcntum ciiiare, and 
i$ attached to the circumference of the lens or 
pryftallinc humor ef. The cavity op chamber 
AEFB is filled with the aqueous hqmor, and the 
f hamber d n c f e is filled with the vitreous hgmor. 
Af N is inferted the >optic nerve, fhe cxpanfipn pf 

' . which, 
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whichy over the internal furface dnGj is die 
retina. 
T The manner in which the eye a6b upon the 
rays of light may be thus explained. Let o l re- 
prefent an objeA^ and fuppofe a pencil of light to 
proceed from o> and enter the eye; then, becaufe 
the cornea is a convex*concave lens, whofe con* 
vezity b greateft, (3239 c) the rays will be rendered 
more convergent in puffing through it; and if the 
cryftalline be properly formed, they will be ne- 
fraded by it into a focus at c on the retina. The 
lame will happen to the pencil which proceeds 
from ij whofe focus will be m ; and the foci of 
the intermediate points will be between m andfc: 
confequentiy an inverted piAure or image will be 
formed on the redna, and fenfadon be produced 
by the action of the li^t on the expanfion of the 
optic nerve, which from thence is conveyed to the 

V fenforium* And that the parts of the eye are adapted 
to produce ' fiich an image» appears Kkeiyife from 
experiment: for if the tunica fclerotica be carp- 
fully taken away from the back of the eye of any 
animal, the inverted pifture of external objedls 
may be feen on the thin membranes which remain. 
Neither is the inverfion of the iniage any obftacle 
to the mind's conceiving that the objeft is creft'; 
for a focus at m may be confidered as the indica* 
tion of the exiftcnce of a radiant point at t, and a 
focus at c may indicate the exiftence of a radiant 
point at o; and, fo of others, the mind contem- 

V plating the objcd itfclfi and not die image 1 befKlcs 

, which. 
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sehkh, we have notions refpetfting pofition that 
arc not derived from the fight, whence we judge 
' whether a wall is perpendicular or a jdanc Icvdj 
^C4 Thefe notions are derived from a perception 
of the dire&ion in which gravity conilandy aftsf 
to which direftion we always refer. -Whence it 
happens^ that though the pofition of the eye be ever 
ib much changed, the idea of the^po&tton of obje^ 
in view remains unaltered. For example; ifanw 
pbfcrver view an upright pole or ftafF, the image 
of the pole on the retina will be in a line at right ^ 
angles to the opening of the eyelids^ provided he , 
holds his head upright ; but if he- vary the po(ttioa 
of his head, the image will be formed in a different 
pofition,' and upon a different part of the retina: 
hbtwit^hftanding which, he conft^ntly imagines the 
pole toi'be ereft and unaltered. ^ 

Becaufe the foci of rays that differ in divergence x 
are found at different diftances from the lens, ithofe 
which diverge k& coming to a locus fboner/tban 
thofe which diverge more, it is necefiary that the 
(eye fhould be adapted fo as to^ft iqpon the rayt 
that arrive from points at varioos dtftsnces, and 
to bring them to a foots upon the. retina. The 
natural ftrufture of the eye is fucfe> that parallel 
rays' have their focus on the retina; Md when thje 
proxirhity of any objed caufes its rays to fall with 
a greater divergency, the pupil of the eye contracts 
and excludes the moft divergent rays, at -the fame 
time that die cryftalline is brought forward, and 
perhaps rendered more convex by means of the 

ligamcntum 
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ligamentum ciliare^ by which provifions the focus^ 
V ftill fall$ on the retina. Thik adjuftment of the 
eye to the diftances of objcfts gives the reafon why 
W€ cannot view a near and a dillant objed at the. 
i^me time; for* if a hair be helii at a few inches 
diftance between the eye and a reniote obje£l:> fup« 
pofe a tree at half a mile diftance, the tree will 
appear confufcd and ii^iftin^t when the ^temioQ 
is fixed on the hair, and the fame will be the cafe, 
with the hajr when the attention is fixed on the 
4iftant tree, 
2 There are fbmc. eyes. naturally fo defcdive, that 
they cannot cffc£t this adjuftment. Thofe which 
are replete with humors . have the cornea and 
cryftalline too convex, fo that the pencils, come 
• to ^ their foci before their arrival at the retina^ 
where they fall in fmall circorar fpaces inilbad of 
points, and by their interference render thenmage 
confufed : on the other hand^ if the humors be 
deficient ill quantity, the cornea and cryftalline are 
too flat, and the pencils of rays not being fufii- 
ciently refraded^ arrive at the retina before theis 
unioa in their foci ; whence arifes the fame confii- 
fion in the image as in the forager cafe. They whofe 
eyes are im'perfeft in the firft manner are called 
myc^s, from their winking or clpfing their eye- 
lids, but more CQmmpnly near-fighted, becaufe they 
fee very near objefts diftinftly, the divergency of 
thje rays caufing their foci to fall on the renna* 
They ^hofe eyes are too flat are called prefliytae;, 
bexraufe the imperfection of the fight of ol4 ttit^ 

* being 
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being occafioncd by a decay of the humors, is ge- 
nerally of this kind. Both thcfe imperfeftions may 
in a great meafure be remcdfed by the ufe of pro- -• 
per fpeftacles. • Since the ray^ doriverge too foont 
in the eyes of myopes, it is plain that a concave 
lens interpofed between ihc obje£t and the eye wiJl 
caufe the rays to fall more divergent, and confe- 
quently will prcvttfit their converging to a focus 
before their arrival at the retina.' ^ And Che rays 
may be made to converge fooncr in the eyes of 
prefbycse, by means of convex fpe6tacles, f^ that 
they, being already convergent when they enter the 
eye, will be fufEci«itly refra6ted by the cornea and 
cryftalline to have their focus on the redaaj and 
caufe diftinft vifion. 

Thefe imperfeftions arc much more frequently a 
the confequences of habit than is generally ima- 
gined. Studious men are generally near-^fighted, 
whereas failors, fportfmen, and others, who are ufed 
to fix their attention on remote objeds, are more 
fubjcft to the contrary dcfe<5l. The eyes of old men 
have artother defcft, namely, rigidity, or a want of 
the power of adjuttment, fo that it often happens 
that they require concaves for diftant and convex' 
knfes for near objefts, being capable only of feeing 
objefts diftinftly with the naked eye that arc at 
a moderate diftance. Every one fhould avoid the 
ufe of fpedacles as much as poffible. For, though 
they render vifion more diftinft, yet, they never 
fail to incrcafe the defcft pf the eye, fo as in time 

to 
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to itnder it almoft iropoflible to fee without thcxrf 
with aoy degree of diftindaeis. 

The eyes of various animals are accommodateci 
with great (kill to the exigencies of their fituations« 
In fiflics the cornea is almoft flatj that it may be 
no obftacle to their Ipeed in the waiieo but thit 
is compeolated by the cryftaUioe» which is ipherica^^ 
and' therefore adapted to perform the whole neceC* 
iary refradion of the rays^ And in cats and fome 
other animals that prey in the dark, the pupil of thef 
eye is fo variable as to admit more than an hun- 
dred times the quandty of light at one time than 
another. The human eye admits more than, tea 
times the quantity of light at one time than at 
another, and perhaps the differences may be much 
greater in very d^rk places: it is not . improbable 
but that the iris may be then almoft entirely drawa 
back, and the pupil expanded to the whole fur&ce 
of the cornea^ 
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CHAP. ly. 

OF k^FRACTINO MICROSCOPES; OR THE DtoPTRKf 
INSTRUMENTS^ BY MEANS OF WHICH SMALL 
AND NEAR OBJECTS ARE MAGNIFIED. 

The apparent magnitttide of siny objeft is'mea-* «l 
fured by the angle upder whieh it is viewed by 
the eye ; conftquently che apparent magnitudes of 
two f or more ofageds may be the iame^ or may 
differ in any proportion^ kt their real magnttudey 
be what they will. Thtis^ the apparent magnitude! 
of CDs F^i and* HI (fig. 95) are equal when view^ 
ed by the eye at Ej becaufe they are feenr under tht 
ikme angle, though their real magnitudes are very 
different: and the apparent magnitude of ab is 
greater than thofe of the former three, becaufe it 
iubtends a greater angle, though its real magnitude 
is equal to that of c d^ and lels than thole of f c 
and HI. • 

The image of any objeA on the retina will be d 
greater or lefs in proportion to its apparent mag- 
nitudei and therefore the fame objeft is feen more 
enlarged and diftindfc the nearer it is brought to 
the eye, provided its diftance be fuffidehdy great 
for the rays to Ml nearly parallel on the pupil : at 
lefi diftances it continues to-be enlarged, but is 
confuied. The Idhft diftance is abput fix inches^ 
The eye can juft diftinguifli objefts th^t fubtend 
an angle of half a minute of a degree, in which ^ 

cafe 
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cafe the image on the retina is lefs than the 
part of an inch broad, and the objeSt, fuppofing- 
it fix inches diftant, abotit the Wtht P^rt of to inch 
broad. And all fmaller obje&s are mvifible to the 
naked eye. 

The inftruments by which thole fmaller obje&s 
are rendered vifible are called microfcopcs^ and are 
conftruded in two different methods. The one' is^ 
by the interpofition of a convex lens> between the 
obje£fc and the eye^ to render it dillind at a leis dif- 
tance than fix inches^ by which means its apparent 
magnitude increafes as the diftance is diminifiied: 
and the other is> by placing the objed fo with re- 
ijped to a convex lens that its focal image may be 
much greater than icfelf^ and contemplating that 
image inftead of the objedt. The firil are called 
fimple or fingte microfcopesj and the latter c6tn- 
ppund or double. 

Let EY (^'96) reprcfent the eye, and ob a 
foiall object: fituated very near, fo that the angle of 
its apparent magnitude oca m^ay be large. Then 
its image on the fetina i m will alfo be large i but 
becaufe the pencils of rays are too divergent to be 
collefted into their foci on the retina, it will be 
very confufed and indiftinft. Let the convex fens 
RS (fig. 97) be interpofed, fo that the diftanCe 
between it and the objefb may be equal to. the focal 
length at which parallel rays would unite, and the 
rays which diverge from the obged and pafs' through 
the lens will afterwards proceed, and confequently 
enter die eye, parallel : they«will therefore unite>- 

and 
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and form a difttnft image oh the retina^ and the 
objeft will be clearly fecn> though if removed to 
the diftanqe^ of fix inches, its fmallnefe would ren- 
der It invifible. And fince the apparent magnitudes o 
pf objefts that fgbtend fmall angles are nearly in 
the in verfe proportion ofthcir diftances, if the real 
magnitudes be equal, the proportion in which the 
objeft is magnified will be as fix inches to its dif- 
tance from the eye. Whence it follows, that the - 
moft convex Icnfcs, having the ftiorteft focal diftancc 
of parallel rays, muft magnify the moftj f^r they 
permit the objeft to approach nearer the eye than 
thole do which are flatter. When the lens is not h 
held clofe to the eye, the ob]e6t is amplified fome- 
what more ; becaufe the pencils, which pafs at a 
diftance from the center of the lens, are^ refrafted 
inwards towards the axis, and confequcntly feem to 
come from points more remote from the center of' 
the objcdt, as may be feen in fig. 98, where the 
pencils which are emitted from o and b are refrafted 
inwards, and feem to come from the points i and m. 

A drop of water is a microfcopc of this kind, by i 
reafon of its convex furfape j for, if a fmall hole be 
made in a plate of metal, or other thin fubfl:ance, 
and carefijlly filled with a drop of water, fmall 
objeds may be feen through it very diftinft, and 
much magnified. But there are fome difiiculties in . 
the management of thcfe, which fmall glaflcs are 
free from, and therefore they are not much ufcd. 
In faa> chcapnefs is their principal recommenda- 
tion. . ^ 

Vol. I. Z Tha 
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K The compound microfcopc, by means of which 
the image is contemplated inftead of the objcft, is 
of two kinds, the folar and the concunon double 

L microfcope. The folar microfcope is thus con* 
ftruftcd : let A c (fig. 99) reprefent the fide of a 
darkened chamber, l n a convex lens, fixed pppo- 
fite a perforation in ac, ob a fmall objcft, and 
p <^ a white fcrecn placed within the chamber oppo- 
fite to the lensj then, if the objc6l be placed at a 
due diftance from the lens, the pencil of light which 
proceeds from the point o will converge to a focus 
on the fcreen at i, and the pencil which proceeds 
from thi point b will converge to a focus at m, and 
the intermediate points of the objcft will be de- 
pided between i and m, forming a pidhire which 
will be as much larger than the objeft in prt)por- 
tion as the diftance of the fcreen exceeds that of the 
image from the lens ^24, i). This. is the prin- 
ciple on which the inftrument afls, but it is ufual . 
to add other auxiliary parts as a lens or fpcculum to 
illuminate the objeft by converging the Sun's light 
upon it, &c. which cannot, with (ufficient brevity, 
be here enlarged upon. The folar microfcope is 
by far the moft pleafing in its effefls, and leaft 
ofFcnfivc to the eyes of any in ufc. 

M In the common double microfcope the image is 
contemplated inftead of the objeft, being viewed 
through a fingle lens in the fame manner as the ob* 
jcft in a fingle microfcope. Thus, 

N Let LN (fig. roo) reprefent a double cotivex 
lens, and o B a fmall obje(fl, fo applied, that the 

pencils 
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pendls^^of rays which emerge from it, and pals 
through the lenS, may converge to their refpeftivc - 
focij and form an inverted image at i m. This 
image will be as much larger than the obj^<^ in pro^ 
portion as its diftance exceeds that of the objedt 
from the lens (314*' i), and, if it be viewed 
through the kns f o, will again be magnified upon 
the principle of the fingle microfcope (336, f) iii 
proportion as its diftance from the eye is kfs than 
fix inches ; the image formed by the firft lens, which 
IS called the objeft-glals, ferving inftead of an ob- 
jt6i for the fecond, or eye-glafs. But it is to be o 
noted, that the image formed in the focus of a 
lens difiers from the real objeft in a very cffential 
particular; that is to fay, the light being emitted 
from the objeft in every direftion, renders it vifibie 
to an eye placed in any pofition, but the points 
of the image formed by a lens or mirror emitting 
no more than a fmall conical body of rays, which 

arrives from the glafs, cin be vifibie only when 
the eye is fituated within its confine. Thus, the P 
pencil which is emitted from b in the objcd, and 
is made to converge by the lens to m, proceeds 
afterwards diverging towards h, and therefore never 
arrives at the lens f g, nor enters the eye at e.j But 
the pencils that proceed from the points o and b 
will be received on the lens f g, and by it carried, 
parallel, to the eyej confequently the correfpondent 
points of the image i and m will be vifibie, and , 
thofe which are fituate farther out towards i and m 

Z 2 will 






54O C01fIK>VND AtiCEOSCOPS. 

I 

Q^ ^ill not be fccn: This quantity of the inaago.. i Wj 
or vifiblc area, is. called" the field of view. 

k Hence it appears, that if the image i M be large, 
a very fmaH part of it will be vifible, becaufe the 
pencils of rays will for the tppft part fall without 
the eye-glafs.F g. And it is likewife plainj that a 
remedy which would caufe the pencils, that pro- 
ceed from the extremes o and -p' of the objed, to 
arrive at the eye will render a greater part of it vi- 
fible ; or, in other words, enlarge the field of view. 

8 This is cfie£kfed by the interpofition of a broad iens 
D E (fig. 101.) of a proper curvature at 'a fmall dis- 
tance from the focal image. For, by- that means 
the pencil bm, which would othcrwife have p^o-^ 
ceeded towards h, is refrafted to the eye, as deli- 
neated in the figure, and the mind conceives from 
thence the exiftence of a radiant point at p, from 
which the rays laft proceeded (316, i ). In the fame 
manner, the other extreme of the image is fcen at 
Q^, and the intermediate points arc alfo rendered 

T vifible. On thefe confiderations it is, that com- 
pound portable microfcopes are ufaally made to 
confift of an objcfl lens, ln, by which the image 
is formed, enlarged and inverted, an amplifying 
lens, D E, by which the field of view is enlarged, 
and an eye-gla(s or lens, by means of which the 
eye is allowed to approach very near, and confc- 
quendy to -view the image under a very great angle 
of apparent magnitude *. 

* The aberration of the re f rafted rays from the true focai» 
. which arifes from tfie fpherical Hgure of the lens d b, the'prif- 

matic 
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I 

The magic lanthorn is a microfcope upon the u 
feme principles as the folar microfcope, and may be 
ufed with good efFedl for magnifying fmall tranf- 
parent objef^s ; but in general it is applied to the 
purpofe of amufement, by cafting the fpecies or 
image of a fmall tranfparent painting on glafs upon 
a iwhite wall or fcreen, at the focal diftance from the 
inftruiTjent. After what has already bcien faid, it 
will be eafy to undcrftand the following defcription _ 
of its component; parts. . 

• In- the inCde ,of a box or lanthorp is placed v 
the candle or lamp c (fig. 102). whofe light 
pafles through the plano-convex lens ,n n, and 
ftrongly illuminates the obje6t o b, which is a tranf- ^ 
parent painting on glafs, inverted and moveable 
before n n, by means of a Aiding piece in which 
t|ie glals is fet or fixed. This illumination is ftill 
more increafed by the reflcftion of light from a 
concave mirror, s s, .placed at the other end of thie 
box, that caufes the light to fall upon the lens 
; N N, as reprefented in the figure. Laftly, a lens 
X L, fixed in a Aiding tube, is brought to the requi- 
fite diftance from the objed o b, and a l^rge eredt 
image i m is formed upon the oppofite Wall. 

^inatic colours that are feparated very mach^ and the lofs 
of light by refledlion, which is moft coDiiderable when the 
refradion is greateft, are the caufes why in the beft double 
^icrofcopes three or more lenfes are fubftituted inftea4 of 
the fingle amplifying lens, d e. 
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G H A P. V. 

OP REFRACTING TfiLfeSCOPES; OR THE DIOPTRIO 
INSTRUMENTS, BY MEANS OF WHICH REMOTB 
OBJECTS ARE I^ENDBRED LARGE AND DISTINCT 
TO THE VIEW, 

t 4 

w As the tnicrofcope is calculated to obviate the 
defeats of vifion with regard ' to objefts, whof2 
angles of apparent magnitude' arc too fmall for 
fight on account of the fniallnefs of the objeflis 
themfclves, fo telefcopes are adapted to improve 
the Icnfe with relpcft to objcfts, whofc angles of 
apparent magnitude are too fmall for fight by rea- 
ibn of their remotenefs or diflance. The inten- 
tion of both inftruments is the fame, namely, to 
increafe that angle, and, by confequence, the tele- 
fcope differs very little from the compound micro- 
fcope, except in fomd particulars of convenience. 

X Let L N (fig. 1 03) reprefcnt a convex lens, and 
OB a diftant objeft 5 then the pencils of rays will be 
colleftecj into their refpeftiye foci, and form the 
inverted iniage n^, to which the eye, by means of 
th£ lens ]B B, may approach fb near as to view it 
very large and diftin£b« This is the common aflro- 
nomical telcfcope. 

y But, as it is inconvenient to view objefts on the 
earth inverted, there are ufually contrivances an- 
nexed to the telefcope by which the image becomes 
%x^di as well as the objeft. The fimpleft of thefe 

Vk 
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is tbe foUowing) vrhere a coni;ave.is fubftkuted in^ 
ftcad of the cQft vex eye*glaf$. 

L^ hff (6^. 104) reprefeot the .objc£l:-*glaft z 
as before, and ob a diftant obj^<^v Then che 
pencils from the jefyc&Wt points of the objejl^ 
would converge, to their foci» and form the in* 
verted image i m, if the lens e e were not inter^- 
pofed. But the lens x s being a double concavth 
occaiions the rays to diverge more than before^ 
&} that the rays which are emitted from b in the 
objedt, inftead of converging to m, are made co 
proceed parallel towards v. For the fame re^fon 
^iays from o are made to proceed parallel fiOr 
Aitards K; the intermediate ponctls i>elng affe<Sbed 
in the fame manner. Now, fince parallel rays, csufe 
diftilid vifion, it is ^lain, that dn eye placedio iSn^ 
pencil H, will conceiVe it to? be etmtied fromrfonoie 
;p(^nt, fuppofe m» fituatcd in the"1aft: direction 'o( 
the • rays, and the image of b will be feen at ni» 
By the fame ar^ment> the image of a will be feen 
at J, ;byan eye fituatcd at k, and the like for tbe 
intermediate points. Therefore^ an image will be 
feen at i m, eredt or fimilarly fituated with die object 
itfclf. 

This telefcope rcprefents objefts very bright and a 
clear, and as much magnified as the other does, 
but is unpleafant in its ufe, on account of the 
contra Aed field of view. For the pencils, being 
rendered divergent with refpeft to each other, pa(s 
moftly on one or the other fide, without entering 
the ptipil of tbe eye, and therefore a very fmall 

Z 4 part 
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part of the image can be fcen at once : thus, if 
the eye be at h, it will view the point m, and if 
it be moved towards k, it will fee in fuctcflSon all 
the parts of the image towards i : but, as the pupil 
of the eye is not broad enough to receive the pcn-r 
cils H and k at the fame time, the points m and i 
cannot be feen at onee. The larger the pupaT and 
die nearer it is placed to the cye-glafs, the more 
pencils enter the eye at once. Confequendy riic 
field of view is largeft under thefc circumftances, 
and in all other cafes lefe. 
B By the addition of two eye-glaffcs to the aftrono- 
inical tclefcope, it is adapted to tcrrcftrial objefts, 
.the .field of view remaining the- fame. Thus, the 
iBns>Fr' (fi^. lO'^) which is fimilar to ee, being 
.{daced at twice .the focal diftance for parallel rays 
'from^^BXj :recciY€5 the pencils of pvallcl rays afto- 
they Have croified'each other at x, and forms an 
image at im, fimilar and equal to im, but. con- 
trary in pofition^ or creftj which laft image is 
viewed by the lens © c. This is the common telcr 
fcope, and though, by reafon of the number of 
Icnfes, it docs not reprefcnt objefts fo bright as the 
foregoing, yet, its ample field of view makes it 
much more plcafing and ufeful ♦• 

• The eye-piece of lelefcopes is ufually fitted up with fiw 
or more lenfes^ for reafons fimilar to thofe mentioned in the 
note, on page 340. Their di/lances are often adjufted in 
fuch a manner that they magnify the firft image i M on the 
compound microfcope principle. 

The 
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The exhalations which contthually ari& from the c 
Earthy render the air lefe tranfparent, (2393) c(pc- 
viaily: «ea(r the EaTCh, where the mixture is lels 
com{iieto#: and i^erefore the.:cele&ial bodies are 
fedi .mi3ch more obfeure wheniin.che hortrori than 
when •'at any confiderable.elevation$ fop io^the firf): 
caicv thejr are viewed through' that part of the 
amiolphete which is contiguous to the furface of the 
Ear thj ; &nd in the latter- through a part which is 
at a greater diftance. But this ' obfcurity is the 
leaft part of the inconvenience. The' rifing exha* d 
Jations have a kind of undulating motion^ like 
that of friioke or fleatn, ip that obje£fcs {ccn through, 
them appiear to have a tremulous or dancing mor 
tion,. which is fenfible even* to the naked eye, if 
diftant ,pbje(Jls be viewed . in a hot fummcr*s day. 
Hence alfo the ftars twioiWe, and the Ihadow of 
lofcy, buildings have a tremulous ,n\9tion. In te- c 
lefcopes this efiedt 1s ftill mor^ perceptible^ info- . 
much as to render them . entirely ufelefe, for tcrref- 
trial ojbjeds, whep they augment the apparent mag- 
nitude more than eighty times *. But when objeds 
in the heavens are viewed at any confiderable alti- 
tude, inftruments may be u(ed which magnify many 
thoufands of times, 

** That accurate and (Enlightened aftronomer^ Alexander 
Aobert, Efq. ohCerves, that this undulation is the greateft 
when the tilefcope is not placed in the open air^ bat withiq a 
room. For the temperature of the room being feldom cor- 
refpondent with that which obtains abroad^ there is almod' 
always a confiderable undulation produced at the window 
where the flreams of hot and cold sur mix. Herfchcl nfes his 
telefcopes in the open air. 

From 
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J From this want of tran^arenqr in the atmoiphere 
arifes that gradual diminucion in the light of ob<- 
jeds> which painters call the aerial perfpe£tiVe ; for, 
if the air were j. per fedUy tranfparent, an o)}jc& 
would be equaUy luminous ^t all diftdnces, :b&* 
caufe theivifibk area and- theilenfity of l^t db^ 
creafe in the £ane proportion^ namely, as tbefqiuce 
G of the diftance. It is from this gradual diisiimi* 
tioo of ligbtj tx>gether ^ith ^ angle of apparent 
magnitude, that we eflimate diftances i and becaufe 
the celeftial bodies, when near the horizon, are 
more obfcure, for the reafon u^gcd above (345, t\ 
though their refpe&ive apparent magnitudes remain 
unaltered, or in a fmall degree dinimilhed, we 
^dopt the notion of their being adually larger at 
H that timci Thus, likewife, men fccn through a 
mift appear gigantic, " the obfcurity caufing us to 
imagine them more diftant thto they reiily"^ are. 
I But, in the cafe of the heavenly bodies, there is 
another circumftance that tends to deceive us in 
our judgment of the diftance: we conceive the jfky 
to be a concave dome 5 and as the clouds towards 
the horizon are evidently more diftant than thofc 
near thfe zenith, we imagine the horizontal radius 
K to be much longer than the vertical- From this 
notion we regulate our ideas with regard to the dis- 
tance of the heavenly bodies, at different altitudes ; 
which diftance, we fuppofe to be greater than they 
arc nearer the horizon, and we are confcquently 
led to imagine, that they are larger at that time. 



By the folar microfcope and magic lanthorn, l 
we have feen that the fpecies of near objefts may 
be caft on a* fcreen in a darkened chitnber. The 
camera obfcura has the fame relation to the tele- 
fcope, as the falar microfcope has to the common 
^uble mic^ofcppc, andis thuscohftrufted. 

Let CD (fig, io6) reprefent a darkened cham- m 
ber perforated at l, where a convex lens is fixed, 
the cijrvity of which is fuch, chat the focus of ♦ 
paralle! rays • fall upon the oppoSte wall. Then, 
if AB be an olyeft at fuch a diftarice,, that the 
rays' which proceed from ijny given point of its 
furface to the lens t, may be cftcemed paraltel, ah 
inverted pifture will be formed on the oppofite 
wall For the pencil which proceeds from a will 
converge to a, and the pencil which proceeds from ' 
B, will converge to b, and the intermediate points 
of the bbjeft will be depifted between a and b* 
This is one of the mod pleafing and delightfiil ex^ > 
periments in optics, and never fails to ftrike the 
tteholder with forprife and admiration. , Its only 
defeft is the inverted pofition of the pifture, which 
may be remedied by feveral methods. But as 
they all tend to make the image lefs» lively, they 
are feldom ufed, • 
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C H A P. VI. 

OF THE IMPERFECTIONS OF TELESCOPES, AND 
THEIR REMEDIES; AND OF THE ACHROMATIC 

TELESCOPE. ' ,1 ' 

N Since Ihe conftruftion of a telefcopc copGfts 
in nothing more than viewing, by means of a 
inicFofcppe or jey^-glafe, the image which is form- 
ed in the foe us; of the objeft-glafsj it mayfecqj 
eafy to make a tclefcope with a given objeft-gUfe, 
that (hall n^agnify in any afligpable degree. !Rorj 
if the eye-glafs be rendered more, and more con- 
vex, the eye n^y be permitted to. approach nearer 
^d nearer-to the image, arid confcquendy to view 
it under an angle. of apparent magnitude that ihall 
be greater and greater, as 'required. But < (his- is 

o unattainable on two fcvefal accounts. The firft 
is, that fpherical. furfaces do, not refraft the rays 
of light accurately to a .poii:it, as has ^re^^y 
been obferv^d; and the fecond and- moft con- 

p fcqueptial is, that the rays of .compounded ligh!^ 
being differently refrangible, comg to their re- 
fpeftive foci at different diftances from the glals, 
the more refrangible rays converging foontr than 
thofe which are Icfs refrangible. This is evident 
from what has already been faid on that fubjedt, 

Q^ and 'is likewile confirmed by experiment; for a 
paper, painted intenfely red, and properly illumi- 
nated. 
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hat^y wiU caft it^\ fpedc$> b^ inc^ans of a 
kns^ on a ^fcreen at a grtajter dift^nce than will 
adoth^r.blqe paper by ^the fame*lens iq like cir-r 
eumftances. And:hcrii it may be noted, that the 
lens proper for this experiment muft be very flat, 
or '^a portion of the furface of a large fphere. 
Hence the fpecies or image of a white objeft may 
be fajd to confift of an indefinite number of co- it 
loured images, the violet being neareft, and the 
red. fartheft from the lens, and the images of inter- 
mediate colours at intermediate diftances. The 
aggregate, or image itfelf, muft therefore be in 
fome degree confufed, and this confufion, being 
very much increafed by the magnifying power, or 
eye-glafs, rcnd€;rs it neceflary to ufe an eye -glafi 
of a certain limited tonvexity to a given objed* 
glafs. For which reafon, if it be required to con- s 
ftrudt a tclefcope that Ihall magnify obje6b in a 
greater degree, thin a given telefcope, the objcfi^r 
glafs muft be lefs convex, and of confequcnce its 
focal diftance longer. Thus an objeftTglafs of 4 x 
feet focal length will bear an eye-gjafs of about i^- 
inch- focus, and wjU magnify objefts in length or 
diameter 40 times: one of 25 feet focal length 
mil bear an eye-glafs of 3 inches focus, and mag- 
nifies loo times 5 and one of 100 feet will bear an 
eye-gljifs of fix inches, and magnifies 2.00 times. 
It is alfo neceflary to limit the aperture of the qb- u 
je6b-glafs, to exclude thofe rays which are incident 
at too " great diftances from the center ; for thofe, 
bebg more refracted, are more particularly fub- 

jeft 
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jc6t to the irregularities whtdi arife, cither fr<Ifti 
the figure of the glals or the unequal refraction of 
light. The diameter of the apertures of objeA 
lenfes, of equsl goodnefs> Ihotild be as the iquare 
roots of their focal Ibn^s. 

V The great inconvenience and difficulty of ma- 
naging the longer telefcopes, occafioned the phi- 
loibphic world to fix their thoughts upon the 
means of Converging the rays of light without fe- 
parating them into their component colours. The 
expedients for that purpofe were fir ft perfeftcd by 

w Sir Ifaac Newton and Mr. Dollond. The focal 
image in the telefcope of Sir Ifaac Newton is formed 
by refleftion from fpeculumi or mirrors, and be- 
ing therefore free from the irregular convergcncy 
of the various rays of light, will iadmit of a much 
larger aperture, and bear the application of a very 

X great magnifying power. The difficulties which 
attend this inftrumcnt, are the tarnilhing of the 
metalline fpeculums, and the very great accuracy 
required in giving them the true figure, for an 
error in a reflefting furface afFcfts the , dircftion 
of the rays much more than a like error in a re- 

Y frJcling furface. Yet this telpfcope is, notwith- 

2 (landing, the beft in ufe. Mr. Dollond's inven- 
tion confills in the ufe pf a compound objeft-glafs, 
which is ufually termed achromatic, or colour- 
Icfs, from its property} and the principal imper- 
feftion in the praftice, is the difficulty of pro- 
curing glafs that Ihall be uniformly of the fame 
refraftive denfity. As we are now fpcaking of 

3 . dioptrics. 



dioptrics^ it will be mote regular to defbtibe the 
achromatic tckfcopc firft, and rcTcr the other to 
its place> where we (hall explain the properties of 
itiftruments that a6i: on the principle of refie£tion. 

^eoiuie the. component rays of light differ a 
fii6m each other in fefrangilrility, they are fepa- 
rated from each other by refraftion, and bc- 
caufe th^y arc all refrafted fo as to prefer vc a 
conftant ratio between the fines of the angles of 
incidence and refraction, that feparation muflr be 
greateft when the whole beam of light Js moft de^ 
flcfted from its courfe. From hence opticians have 
concluded, and there is a pafiage in Sir liaac 
Newtbn*s * optics, that fcems to confirm the opi- 
nion, that prifms, which dcfledt the whole beam 
of light equally out of its courfe at like incidences,' 
will, however different their rcfra£ti\re dcnfities, 
occafion alfo an equal feparation or jeiivergency of 
the component rays: or in odier words, that if 
the emergent refrafted light from the furfacc of 
a given prifm be immediately received on the 
furface of a fccond prifm, which fhall refrafl: it 
equally in the contrary direftion, fo that at its emer- 
gence it fhall proceed parallel to the firft incident 
beam, this laft emergent light will continue white, 
however differeilt the matter of the fecond prifm 
may be from that of the firft. But this Mr. Dol- i 
lond has Ihewn to be ill-founded, for, by his cx- 
pcrimcntig, it appears, that the different kinds of 

• Book!. Part 2. Experiment VIII, 

glafs 
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glais difier extreindy with rdpeft to the divergency 
of colours produced by equal refraftiom. He 
found that two prifais» one of white flint-glais, 
whofe refra&ing angle was about 25 degrees, and 
another of crown-glafs, whofe refra&ing angle was 
about 29 degrees, refrafted the beam of %ht 
nearly alike, but that the divergency of colour in the 
white-flint was confiderably more than in the crown* 
glafs; fo that, when they were applied together, 
to refraft contrary ways, and a beam of light tranf- 
mittcd through them, though the emergent con- 

* tinued parallel to the incident part, it was, not- 
withfianding, feparated into cojAponent colours. 
Whence he inferred, that in order to render the 
emergent beam white, it is neceffary that the re- 
fi:a£Hng angle of the prifm of crown-glafs fhould 
be increafed; and, by repeated e^eriments, he 
difcovered the exaft quantity. But this colourlc{s 
emergent light was not then, by reafon of the in- 
creafed angle of the prifm of crown glals, paral- 
lei to the incident ray, but was refraded -towards 
the bafe of the laft mentioned prifm. 

c By thefe means he obtained a theory, in which 
rcfradcion was performed without any fcparation or 
divergency of colour, and which it was. not dif- 
ficult to apply in the conftruftion of the objed:* 

D glafles of tclcfcopes. Let abed (fig. 107) re- 
prcfent a double concave lens of white flint-glafs/ 
and A G D F a double concave of crown-glals; then 
the parts of the lenfes which are on the fame fide 
of the common axis, namely, a cb and afg, may 

be 



te oibeeived; tD ad like two priTms, which TcfnQ: 
contrary ways, and tf tlic excels of rcfraftion in the 
Crownrglafi a f g be fuch as precifely to dcftroy 
the divergency of colour caufed by the flint-glafi 
A c B, the incident ray s li will be rcfraded to x> 
without any produftion of colour; The fame is 
alio true of the ray s h> and of all the other inci* 
dlcnt rays, and confequently the whole focal iAiagcF 
formed by this CompoiHid objeft-glafi wiH be 
achromatic, or free from colour which might arife 
from refraftion. It will therefore bear a larger 
aj[)erhire, and greater raignifying poWer, and of 
courfe enlarge ofeQedls much more than a common 
refrading telelcope of the fame length* 

It Is more conventeht on feveral accounts to b 
combine three lenfes together, one double concave 
of flint^glafs between two convexes of difFcrenr kinds 
oFcrown-glafsj and the glafles may be fo a^Jjuftcd 
to each other, as not only to form a focal image ' 
withoOt the prifmatic colours, but alfo free from 
the defefts which in other lenfes arife from their 
fpherical figure, 

ThegreatcHimpediment to the confttuftion of 
large achromatic telefcbpes, as has-been obfcrvedj 
(3 SO* 2) is the w^nt of a flint-glalf of an uniform 
refracting denfity; Fortunately for Dollond, this 
kind of glafs was procurable, when he began to 
iiiake achromatic telefcopes, though the attempts 

VoL^L A a of 
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*of many ingenious chemifts have lince been exerted 
to make it^ without much fuccels *p 



CHAP. VIL 

or CATOl^TRTCS, OR THE REGULAR RErLECTION OF 
LIGHTS AND OF THE REFtECTiNG T£L£SCOPS« 



»» 



G It has been fhewn, (3^7 ^ m) that a furface may 
be conftruded chat fhali refled the rays of a given- 
pencil of light. To as to make them either converge 
to a point, diverge froni a point, or proceed paral* 

^ Icl to each other. This . furface .may be either 
plane or curved. 

H A plane mirror reflects a pencil of light under 
the fame circumftances as it was incident -, that is . 
to fay, if a pencil, which emanates from agiyea 
point, be incident on the mirror, it is refledlj^d fo, . 
that its rays proceed with the fame divergcncjr 
from another poiijt, whofe diftance behind the 
mirror is equal to the diftance of the radiant point 

* The author J^s been informed, that the glafs employed 
hf DoIIofid in ihFTabrication of Ms bed telefcopes, was all 
of the faine 'melcii^, or made at one time; and that, ex-^ 
ceptiqg .this parUcalar treafure, casually obtained, good 
denfe glafs for achromatic purpof^s was . always as difficult 
to be procured at it is now. 
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Of MIRRORS. ^2^^ 

before the mirrot from the place of incidence: 
and if the pencils of fays, which emanate from a 
given furface, be incident on .the mirror, they will 
be refleftcd fo as to prcfcrve the fame inclinations 
to each other as before, and therefore will appear 
to proceed from a furface, whofe magnitude and 
diftance behind the mirror are exadly equal to thofe 
of the radiant furface (317, k). Hence It is,- that 
plane mirrors refleft the fpccies of objects, which 
are t equal, like, and limilar in pofition with the 
objefts themfelves. ^ 

Concave mirrors render the pencils of rays, i 

« 

which are incident upon them, more convergent, 
and convex mirrors render then more divergent, 
(318^ o). If the mirrors be regularly formed, 
according to the proper curve, the convergent or 
divergent light of any pencil after rcfledlion /will 
refpedt fome particular point of fpace. 

A portion of a fphere, whofe breadth is about k 
fifteen degrees, di&ers very litde from the curve 
furface, by which parallel rays would be made by 
refle&ion to converge to, or diverge from, a point; 
It is therefore in many cafes ufed for that purpofc, 
as being much eafier to eonftruct. 

There is a great rcfemblance between the pro- L 
perties of convex lenfes and concave mirrors, and 
between the properties' of concave lenfes and con- 
vex mirh)rs, C6n vex lenfes and concave mirrors M 
form'an inverted focal image of any retiiote objeft 
by the convergence of fhe pencils of rays: concave n 
Icnfc and convex mirrors do, in general, form an 

V, A a a ereft 
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crc6t image in Ae virtual focus, by the divcrg- 

o cncc of the pencils of rays. In thofc inftru- 
aients^ whofe performances are the effefts of re- 
flcSion, the concave mirror b lubftituted in the 
place of the convex lens, and the convex mirror 

¥ may be ufed inftead of the concave lens : but their 
difpofidoris with refpcft to each other, when com* 
bined, muft neceflarily differ froni thofe of lenfes, 
on account of the opacity of the one, and the tran- 
fparency of the 8ther. 

<l^ Let AR (fig. 1 08) reprefcnt the poltlhed fpne- 
rical iurface of a concave mirror, and o b an obje£b 
lituated without the center of the mirror 5 then 
the pencil of rays, which is emitted fronci the 
point Of will fall on the mirror; and after rc- 
lleftion, converge to the focus i ; the pencil 
from B will converge to m, and the like will hap- 
pen to thofe emitted from the intermediate points> 
whofc foci will be found between i and m.. There 
win confequently be formed before the mirror aa 
inverted focal image, refcmbling that which i& 
formed by a convex lens (324^ h), 

R Let A R (fig. 109) reprcfcnt the polifhcd fphc- 
rical furface of a convex mirror, and. o b an. 
objeft: then the pencil of rays, which is emitted 
from the point o, will fall on the n^irror, and 
after refle(5iipn diverge from the virtual focus i;^ 
the pencil from b will emerge frptji m, ^nd the 
like will happen to thofe eipitted fj;oipj the inter- 
mediate points, whofe virtual foci wjuB be found 
between I and m. There will copfequcmly ; hje: 

3 formed 
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formed behind the mirror an creft focal image, 
refembling that which is formed by a concave 
lens. 

Let AR (fig. no) repreftnt a concave mirror, s 
\vhofe center is c, and ob an obje(5t fituated with- 
out the center. Through the center c, from o, 
draw the line on, which' will be perpendicular 
to the mirror at n, and will therefore reprefent 
both the incident and feflcfted s ray, which pro-, 
ceeds from o, and is rcfledled at n: the focal 
repreientation or image of o will confequently be 
found in that line. Through c, from b, draw the 
line B V, and by the fame reafoning the focal image 
of B will be found in that line. Draw the line or 
ray o v, and it will be rcflefted fo as to crols the 
ray on at i, the angle of refleftion iv.c being 
equal to the angle of incidence o v c. This intcr- 
feftion of the rays determines the focal point of 
o, which is i. From b to n draw the ray bn, and 
its refledion will determine the focus of B, which 
is M, and the image will be inverted. 

Let A R (fig. in) reprefent a convex mirror, T 
and the other reprcfentations and conftruftion be 
as in the laft figure. The focal reprcfentations of 
o and B will be found in the lines oc and b c, 
and the rcflefted part of the ray ov will virtu- 
ally crofs the line o c at i ; the rcflefted part of 
the ray b n will alfo virtually crofe the line b t at M. 
Thefe interfeftions will determine the place of the 
focal image i m, which will be ereft. ■ - 

. A a 5 - Hence 
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u Hence it appears to be the property of theft 
mirrors^ that the ob^cA and the image, if viewed 
from the center of the fphere,. are feen under 
equal angles; for, the angk ocb is equal to 

y the angle icm; and that the objed and image^ 
iC viewed from the point of refledion, are feen 
under equal angles; for, the angle ' o v s- is equal 
€0 the angle jvm, Srom this it is eafy to find 
the pofition and magnimde of the focal image, 
if the pofition and magnitude of the objeft, and 
the diameter of the fphqre, of which the mirror 13 
a part, be known* 

W The refleSing telcfcopc, which was made by 
Sir Ifaac Newton, was of the following form, 

Let DEFG (fig. U2) reprefent a tube; at 
one end of which is placed the concave mirror 
AR, and let OB reprefent a dift^nt objcftj then 
the pencils, which are emitted from the feveral 
points of its furfacc, will be colWded, and form 
an inverted image i m. But by the interpofition of 
the plane mirror k c, the rays arc rcfleded, and the 
image is formed at i m, which is feen very much 
magnified by m^ans of the plano-convex lens 

^t L, 
X The immenfely powerful telefcopes of Herfchcl 
arc on this'conftruftion. This capital artift, and 
ipoft affiduous aftronomer, has made feveral fpc- 
culums, which are fo perfeft as to bear a qijagnify'- 
ing power of more than fix thoufand times in 
diameter on fomc of the . fixed ftars *. The largcft 

* PhU. Tranf, 1784, 

' tclefcope 
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telefcope completed by hitn^ and far exceeding 
in all relpeds any yet attempted, has an obje£t 
(pcculum of forty feet focal length. 

The refleding telefcope, which is moft in ufe y 
at prefent, is com poled of two concave mirrors of 
different radii. The larger concave ar (fig. 113) 
forms the focal image i m, which ferves as an objedt 
for the fmall mirror k c : a fecond image i m is 
formed by the mirror, the rays pafling through 
the amplifying lens l, which is placed in a hole or 
perforation in the center of the great mirror ar. 
This image is ere(5l, and is viewed much enlarged 
through the eye-glafs or lens p. 

In good reflefting telefcopes the objedl (peculum z 
is not of a fpherical form. 

RefieAing microfcopes are fometimcs made j a 
the method of con(lru6ting which, as alfo of other 
inftruments, may be deduced from what has been , 
faid concerning refieding telefcopes. 
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•^-^ Acceleration^ 2y, 
y^cifrmtfftic telefigpe^ SS*"* 
^r//jr/ ferfyettive^ 346. 

-^/V, its colour, 297. want pf tr;inijpArpn(rjr, 343^ 
^/jg'©/, 192. 196. t' If 

^IpSy their €olour, ^^97. 
Analogy, 2, 4. 

Analyfisandjynthejis^ IpOf 

Animalcule ^ \%^ 

Aperture, 350. 

Apheiium, 122. 

Apogee y 122. 

JippcaraTucs, mutual, of the planets, 113— rifv 

Apjides, I2X, their motion, 232. 

A>'chimedes, 319. . 

Attraaim, 7, 8, 2^. wherein it differs fronj impulfir, jj; 

of cqhcfion, 44. & feq. is very properly affumed as ^ 
. general caufe of phenomena, 50. apparently fubfifting hc-^ 

tween floating bodies, 48—50. See Gravity, Cohejitm. 

Atwood^Mx. his inftrument for meafq ring the fpaces d^ 

fcribed by bodies rnoyipg cither wnifprmly^arotbcrwife 4kX^ 
Apciom, 2. ., 

A^i^ and wheels 6q. 

balance, 59. 

Block, 6r. 

Bradley, Dr, 24q. 254, 

Buffon, his burning machine, 310, 

PHrning rnirrors^ 319. gia6esV 325^ 
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Camera ohfcura^ 346. 

Caufeand effe^i^ 4. 6. 50. 51. 

Caufe^firfl^ is intelligent, 103. 

CtKter of gravity y 74—^79. 

Centripetal force ^ 94 & feq. 197 & feq. 

CircumnaVigationf iio. 

0«c*j, 88 & feq. * 

Clouds J why of fuch various colours, 297. a deception arif- 

ing from their pofition, 346* 
CohefioHy 44 & feq. 
Cold, 16/ 

Colour f wherein it confifts, 271, 272. 292 & feq. ' 
Comets, 159 — 162. 167. their motion explained, 208. 
Compojition and refplution of motion or force, 23, 24. 62, 63. 
Copernicus, 1 03. 
Creator, 50. iii.' 
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Dead beat efcapement, 89. 
Declination, 182. 
Degree, meafure of, 236, 

Demonjlrationy %- 
Dioptrics, 332. & feq. 
Divifibility of Matter, iq— 13. 
Doilond,3$o, 



Earth, proofs of its fpherical figure, 108 — no. of its an- 
nual and diurnal motion, iiO'-iia, 113 — 118. 236. 
' flattened towards the poles, 235 — 237, 
Eccentricity, ill, 
Eclipfe, 139, 145—158, 
Ecliptic, 123. 1 8 1. 
Eff'eSf and caufe, 4. 6. 
Elajlicity, 41. 

Ellipjis,"\ts defcription, 97. I22. . ' 

Elongation, 1 05. 1 1 3— I r 8. 
Equator^ 1 8 1% meafure of a degree at, 236, 

Ejuiliiriumf 
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EquHihriumf Mrhat, 53. 

'Equinox^ 1 87. preceffion of, 240. 

JEJiapement in clocks, 6S^ 89. dead beat, 89. ^ree gt4 

jSxtertfion^ 7, 8, 9 & feq. . 

Eycy 259. Sec Kjfion. 



Figure orform^ 9, 

Final ccuijes, 162. of the planets, 164. 

Firji caufe is intelligent^ 103, 163. 

Fixed Jiarsy 103. 108. have no parallax, X30. changes ob* 
ferved among them, 1 89-^ 1 96. are either falling or move 
in immenfe orbits, 217. change their longitude, 240. their 
aberrsition, 25$. "^ 

Focus of light, ^16. 

Force, or momentum, 19. accelerating or retarding, 35936; 
difpute concerning the meafure of force, 37— 39. centri«* 
petal, 94 & fee}. 



GeorgiumJtJuSj 124. 

Gold, its great du<^ility, 12, ' 

Gravitation, 26 & feq. center of, 74 — 79. its univer&lity 

deduced from its efFeSs, 207— —217. 
Qravity. See Gravitation^ 



Halo, 280. 
Halley, Dr. 132, 

Hard bodies, the confequence of their ftrokc, 34. none are 
found in nature, 34. 

Helix, 68, 69. 

Herfcbel, Mr. 124. 193. 358. 

Horizon^ 181. 
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Incidence^ angle of^ 261* 

Inclined plants 64-*66« 

Inertia^ 7, 8. 18. 

Jnfleifion, 298 & feq. 

Intelligence finiii J !• lOl. 

Inimtienj 2. 

Impenetrabilhy^ 7, 8. 1.3-— & feq. 

Jmpulfe^ 3^. IS greater than preliurey 34. 

Jf regularities in the planetary fyjiemi aiS & (c^, 

JupitfTf J I $^120. it^iDopns, 139. 314. 
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Latitude^ 182, 

lenfes.zy.. 

Z^ever^ 55 & feq. 

iagitt the quantity received by oblique furfaces, /hewn, 
185, in what it confifts, 254. its velocity, 254- iiuni-' 
form, 256. its momentum, 257. rarity, 258. various re* 
frangibility and colour, 964 & feq. various reflexibility, 
270 & feq. alternate refleAion and tranfmiffion, 280 & feq« 
its inflexion 298 & feq. powers by which it$refleAion and 
refradion are eSip£ied, 304^— 31 4, 

longitude, 182, 

M . 

Jlfagic lantbom^ 341. 

Magnitude apparent ^ 33^. ^ 

Afaintaining power in clocks^ 88. 

.4^rx, the planet, 124. telefcopic appearance/ 177, - 

MatteTjf^ and its properties, 7 & feq. 

Mathematical knowledge^ why perfpicuous and certaini 4. fup** 

pofes extenfion to be anafyfed, 9. 
Mechanical powers^ enumerated| 54. their general properties, 

Mfdiwn^ 
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^MeJtm^ 260. variaas, difpcife light ^nfequally, t6^i 

Ji^rrary, the. planet, 107, 176. 

Aficrometer fcrew^ 71. . 

AficrofcopeSy^'^b — 340. 

Mirr'orsy 263. 317. 35J. burning, 319* 

MooTiy eclipic of, no. other phenomena, 141 — *i58. te!*<^ 
fcopic appearance, 168 — 173. caufc of its motion, ao8« 
its irregularities explained, 21 8^'232« colour during ait 
eclipfe, 297. 

Momentunty }g, of light, 257. 

Motion^ 7, 8. quantity of, 19* ahTotute, relative and appa- 
rent, or angular, 20. laws of, 21 — 25. compofirion and 
' refolution of, 23, 24, uniformly accelerated, 27—31 . ani. 
retarded, 3i-r3^« how produced, deftrpyed^ or changed^ 
f33-*44. 4ijlput^<:on(:i$rQiQg tjie oieafure of its quaatityfi 

Naturalphilofopby^ its prpo&, c. hpw^CQuircd, ICX). 

Newton, 103. 291. 315. 350, 351. ' 
Nodes J 123* 
Nutation, 240. 
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Opacity, its caufe, 294. 
Orbits, 197 — 207, 



Pfirallax, annual 120*139. general account of, 128. hpri-; 

zontal, i29« 
PauPs church, St. its colour at funfet,^297. '^ 

Pencil of rays, ^16. ^ -, :^> \ > '-^ 

Pendulums, 26. 80. & feq. with a deal jRod, 91. gridiroflj^^ 

9 1 —93. vibrate flower near the etrtafor, 2 q& ^^^^'^ ^ * '*'\<* 
Perihehum, 112. ; * ' : -'-' >' 
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Philofophizing, rules of, 6. 

PZ!7«^/j, primary, 105. th^ir mutual appeaianfces;xi3--.i 15.. 
their orbits elliptical, 121. nearly circular, I22;andmv' 
clincd to the ecliptic, 123. theiMniimber and ajfedtions^ 
,ii45-i 3(7. moons, 137; motions explained, 207. irregu- 
larities, 232. 
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Plantu^f feeondary» 137* their motion explained, 208. 

Pgrofity of matter^ 17. 
Preceffion of the equinoxes ^ 240. 
Pfeffure^ is lefs than impulfe, 34* 
Pfingle^ Sir Johti, 103. 
Prijmy 264 & feq. 
Projeilihs^ 97, 
PidUy^ 61—64. 
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Padiant pointy 316. 
Sainbowj 2'j^Sc feq. 

j^efie^ion if lights defined, 261. analogous to refhu^on, 
292. regular, 317, 
, Reflexibility^ 270. 
RefraBlon^ 261. regular, 320. 
Refrangibilityy 264. , 

Repulfioriy 47 . apparently exerted between floating bodies, 50, 

Retarded motion^ 2^9 2^* 
JUvolvinr bodieSy 94-*— 99. 

Right ajcenjiony 182. 

RomeTy Monf. 254. 

Rules ofpbilofophizingy 6. 
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Saturn and its ringy 137. 179, 

ScreWy 68 & feq. 

SeafonSy 180 — 188- • 

Shadow of the earthf no* 

Soljiice, 187 ' ^ 

Speculum. See4^^r^r,, . - .l */ : 

Spe^rum, 266 & feq. 

Starsy fixed. See rixed Stars. • / , 

Suny 104. its parallax, :i 31, .teldbopjc appearance, 174, its 

atmofpbere, 175. . 
Swing-vjheely%i. .» . 
Syntbe/is and analy&y iQOn 
"^ T Tackk, 
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Tackle y 6 1 — 64. 

Tele/copes^ refradling, 342. their iraperfeiJIions, 348. achro* 

matic 351— 3 S3- refleaing, 358. 
Termination^ 183, 
7?^-fj explained, 241 — 251. 
Tranjit if Venus over the SurCs difc^ 1 32— 1 36. 
Tranfparency^ its caufe, 294. 
Tropics^ l88- 
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Undulation of the air^ 345, 
Univerfe^ fyftem of, 174. 



Variation of the moorHs motion^ 144. 

Velocity^ final, 29, 31. initial, 3.2, 

Venusy its apparent motions and proportional diftancc from 

the fun, 105—107. 1 13. tranfit over the difc of the Sun, 

132—136. telefcopic appearance^ 176. 
Vifion^ 258, 327 & feq. 
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Wedge, 66—68. 

ff^eight,,^^' 

fVhitehwJi, Mr. his inllruipent for meafuring the time em- 
ployed by falling bodies, 42. 
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Tear, natural, 187. natural, periodical, and fideral, 240. 
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Zemth, 182. / 
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